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Chapter 6

SULTABILITY ©OF THE YUCCA MOUNTAIN SITE FOR SITE CHARACTERIZATION
AND FOR DEVELOPMENT AS A REPOSITORY

The Nuclear Waste Policy Act (the Act) of 1982 (Nw. A, 1983) requires the
environmental assegsment to include a detailled stateir.ei.t of the basis for
nominating a site as suitable for characterization. ' :is detailed statement
is to be an evaluation of site sultability under the .'.S5. Dapartment of
Energy (DOE) siting guidelines; the evaluation will be the basis for the
comparisons of sites reported in Chapter 7. Such an evaluation for' the Yucca
Mountain site 18 presented in sectlons 6.2, 6,3, and 6.4 of this chapter. A
brief explanation of the siting guidelines-~their format, structure, -and
implementation--1s given in Section 6.1.

6.1 THE DOE SITING GUIDELINES

As directed by Section 112 of the Act, the DOE has developed general
guidelines for siting geologic repositories. These guidelines have been -
published as 10 CFR Part 960 (1984). They are to be used in the remaining
steps of the site~selection process for the first repository: the nomination
of at least five sites 4s suitable for characterization, the recommendation
of three sites for characterization, and the recommendation of one site for:
development as a repository.

6.1.1 FORMAT AND STRUCTURE OF THE GUIDELINES

The siting guidelines are divided into implementation guidelines, post-
closure guidelines, and preclosure guidelines. The Iimplementation guidelines
are not directly used in the evaluation of sites; thelr purpose is to specify
how the postclosure and preclosure guidelines are to bhe applied in site
screening and selection. The postclosure guidelines govern the siting -
considerations that deal with the long—~term behavior of a repository-+that
is, its behavior after waste emplacement and repository closure. These are
the considerations most important for ensuring the long-term protection of
the health and safety of the public. The preclosure guidelines govern the
siting considerations that deal with the operation of the repository before
it i8 closed. These are the considerations important Iin protecting the
public and the repository workers from exposures to radiation during .
repository operations. They are also the most important considerations in
protecting the quality of the environment and in mitigating socioeconomic
impacts because most of the environmental and socioeconomic effects of a
repository will occur during its construction and operation.

As explained in the supplementary information preceding the guidelines,
both the postclosure and the preclosure guldelines are subdivided into system
and technical guidelines. The postclosure system guideline defines general
requirements for the performance of the repository system after closure.

6-1
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These requirements ar. based generally on the objectives cf protecting pudblic
health and safety; thoy are based specifically on the standards proposed by
the U.S. Environmental Protection Agency and released as 40 CFR Part 191
(1985) and the criteria promulgated by the Nuclear Regul:tory Commission in
10 CFR Part 60 (1983). The postclosure technical guidelives specify require-
ments for one or mcce elements of the repository syst:m--the physical
properties and physical phenomena at the site.

The three preclosure system guidelines state bro.1 requirements for
three different systems. These systems include, in add. tion to some charac-
teristics of the site and some engineered components, ¢.: people and the
environment near the site. The elements of these systems are defined in
Section III.B.4 of the supplementary information precediag the guidelines.
Each of the preclosure technical guldelines specifies rejuirements on one or
more of these elements.

Both the postclosure and the preclosure technical guidelines specify
conditions that would qualify and disqualify siies, and they specify
conditions that would be considered favorable or potentially adverse.

A qualifying condition is contained in each technical guideline. Taken
together, these qualifying conditions are the wminimum conditions for site
qualification. A site will be qualified only if it meets all of the qualifi-
cation conditions., A site will be disqualified 1f site characterization
shows that 1t fails to meet any one of the qualifying conditions. Failure to
meet a qualifying condition can usually be determined only after site charac~
terization and the concurrent investigations of enviroanmental and socio-
economic conditions: qualifying conditions are generally stated in terms of
specifications that require analyses of the repository system, and data for
such analyses will be available only at the completion of site characteri-
zation and investigation. Before site characterization, however, evaluations
that compare sites will reveal the relative potential of those sites to meet
the qualifying conditions.

Disqualifying conditions are contained in 12 technical guldelines. Each
describes a condition that is considered so adverse as ko constitute suf-
ficient evidence to conclude, without further consideration, that a site is
disqualified. Many of the 17 disqualifying conditions pertain to conditions
whose presence or absence may be verifiable at a site without extensive data
gathering or complex analysis.

The favorable and potentially adverse conditions can be used to predict
the suitability of a site before detailed studies have been performed. They
provide preliminary indications of system performance. Although favorable
conditions need not exist at a given site for that site to meet the qualify-
ing condition, the existence of such conditions leads to an expectation that
subsequent evaluations will yield enhanced confidence in a site's suitabil-
ity. Similarly, the purpose of determining whether any potentially adverse
conditions exist at a site is to provide an early indication of conditions
that must be examined carefully before judging the acceptability of that
site. Such examinations must evaluate the effects of other, possibly com-
pensatory, conditions present at ‘a site. Thus, a site that has most of the
favorable conditions may be presumed likely to meet the system guidelines,
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while a site with mrny potentially adverse conditions can be corsidered to
have a much greater legree of uncertainty in meeting the system guidelines,

6.1.2 USE OF THE £YTING GUIDELINES IN EVALUATING SITE :iJITABILITY

The evaluations of site suitability provide the uL..sis for making the
findings that Appendix III of the guidelines requires for disqualifying and
qualifying conditions. Using the term apply to mean t: avaluate a condition
and make a finding of compliance, this appendix specific¢ . how the guidelines
are to be appliod at the principal decision points of tiie siting process:
(1) site identification as potentially acceptable, (2) nomination as suitable
for characterization or recommendation for characterization, and (3) recom-
mendation for development as a repository. In particular, this appendix
specifies the types of findings that are to result from the applications of
the disqualifying conditions and the qualifying conditions. Two levels of
findings, one showing an increased level of confidence over the other, are
specified for both the disqualifying and the qualifying conditions.

For the disqualifying conditions, a level 1 finding means that the evi-
dence does not (or, conversely, does) support a finding that the site is dis-
qualified. A level 2 finding, which 1s a higher-level finding requiring
greater confidence and more extensive data to support it, means that the evi-
dence supports a finding that the site 18 not disqualified on the basis of

existing evidence and 18 not likely to be disqualified (or that the site is
disqualified or is likely to be disqualified).

For the qualifying conditions, a level 3 finding is stated to mean that
the evidence does not (or, conversely, does) support a finding that the site
is not likely to meet the qualifying condition, while a level 4 finding,
which is the higher-level finding, means that the evidence supports a finding
that the site meets the qualifying condition and is likely to continue to
meet the qualifying condition (or that the site cannot meet the qualifying
condition and is unlikely to be able to meet 1t).

For a site to be nominated, at least a level 1 finding must be made for
each disqualifying condition, and at least a level 3 finding must be made for
each qualifying condition. For a site to be recommended for development as a
repository, a level 2 finding must be made and supported for each disqualify~

ing condition, and a level 4 finding must be made and supported for each
qualifying condition,

In conducting the suitability evaluations for the site, the higher~level
finding was made wherever the evidence supported it. Most often, however,
the available data were inadequate for supporting the higher~level findings,
which must wait for the results of site characterization and investigations
as well as for the final design of the repository.

An identification of the favorable conditions and potentially adverse
conditions present at the site is necessary for evaluating the ability of the
site to meet the individual qualifying conditions;- before site characteriza-
tion, that ability is determined largely by examining the balance between
those conditions along with information on the repository system. The
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identification of ihe favorable and potentially adverse conditions as present
or not present at tle site 1s based on data currently existing for the site
or conservative assg.mptions when the existing data are inadequate for the
identification. (Ccaservative assumptions are assumptions that minimize the
possibility that lac>r findings will prove the assumptinns to be wrong.) In
order for a favorabie condition to be claimed as present, it is necegsary for
the existing data "o clearly support that conclusion. Otherwise, the
favorable condition is stated to be not present. Simi irly, a potentially
adverse condition is stated to be present unless the exrsting data and the
conservative assumptions clearly support a conclusion that the condition 1s
not present.

The procesr of making suitability evaluations and arviving at findings
for the disqualifying and "qualifying conditions is fully discussed and pre-
sented in the guideline-by-~guideline evaluations in seztions 6.2 and 6.3,
The evidence required to support these evaluations includes the types of
information specified in Appendix IV of the guidelines.

6.1.3 DIVISION OF THE GUIDELINES INTO CATEGORIES

The Nuclear Waste Policy Act of 1982 (the Act) (NWPA, 1983) requires two
separate evaluations of the sultabllity of a site: : SRERRE
1+ An evaluation aa to whether a sgite 1s suitable for site
characterization under. the siting guidelines.

2. An evaluation as to whether a site is suitable for development as a
repository under each guideline that does not require site
characterization as a prerequisite for its application.

For making these two evaluations, the guidelines are divided into two
categories according to whether: they do or do not require site character-
lzation as a prerequisite for their application. The basis for this division
of the guidelines 1s the definition of site characterization in the Act. The
Act defines site characdterization essentially as activities undertaken to
establish the geologic ‘conditions at a candidate site, including borings,
gurface excavations, the sinking of exploratory shafts, and in~place testing
at repository depth,

Therefore, in accordance with this definition, the guidelines requiring
slte characterization as a prerequisite to their application are those that
contribute to establishing the geologic conditions at a site. The guldelines
in this category are concerned predominantly with subsurface conditions, and
most of them are postclosure guldelines. Section 6.3 presents the evalu-
ations of the site against the guldelines in this category. The information-
required to establish compliance with these guidelines will be  obtained
during site characterization.

The guidelines not requiring site characterization as a prerequisite to

application are those that do not contribute to establishing 'the geologic
conditions at a site. The guldelines in this category are predominantly
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concerned with surfac« conditions, and most of them are preclosure gulde-
lines. The informat!,n required to establish compliance with these guide-
lines may be obtained before or during site characterization. Section 6.2
presents the evaluatins of the site against the guidelines in this category.

Table 6-1 lists the guldelines in each category and shows the levels of
findings that were mude in accordance with Appendix ITII ¢/ the guidelines.

6.1.4 FORMATS FOR THI: PRESENTATION OF SITE EVALUATIONS

In sections 6.2 and 6.3, the presentation of each technical guideline
begins with an introduction that states the qualifying condition for that
guldeline and briefly explains the objectives and the structure of the guide-
line, The introduction is followed by a section that reviews or cites the
data avallable for the evaluations agalnst the guideline, explains the
general assumptions that must be made, and discusses the uncertainties in the
data. Each favorable, potentially adverse, and disqualifying gondition is
then discussed in turn; each discussion evaluates the preseace ot absence of
the condition and states a conclusion based on that evaluation. Finally, the
ability of the site to meet the qualifying condition is examined, and a con-
clusion is presented. For the disqualifying and qualifying conditions, the
conclusion 1s presented as a finding at one of the levels specified by
Appendix III of the guldelines (Section 6.1.2).

The format for presenting the system guidelines 1is simlJar, but 1t omits
the discussion of favorable, potentially adverse, and disqualifying con-
ditions because none of these .gconditions appear in the system guidelines,

The conclusions drawn 1n. these presentations are different in Section
6.2 and in Section 6.3. Because the guidelines in Section 6.2 do not require
site characterization, the conclusion refers to the suitability of the site
for development as a repository. Such a conclusion canpot be drawn for
guldelines that require site characterilzation as a prerequisite for thelr
application; only after site characterization can the question of suitability
for repository development be addressed. Rather, the appropriate conclusion
for these guidelines is whether the site is suitable for further study. 'The
conclusions presented in Section 6.3, therefore, refer only to the sult-
ability of the site for characterization. ' e




Table 6-1. Level of finding for qualifying and disqualifying conditions

Levael of finding
for diequaligying

Guideline condition

Level of finding
for quglifyﬁng
condition

POSTCLOSURE GUIDELINES

960.4-1 Postclrsure System NA®
960.4~2-1 Geohydrology 1
960,4-~2~2 Geochemistry NA
960.4-2=3 Rock characteristics NA
960.4-2~4 Climatic changes NA
960.4-2-5 Erosion }
960.4~2-6 Dissolution 2
960.4~2-7 Tectonics 1

960,4~2-8 Human interference
960.4-2-8-1 Natural resources

Condition 1 1
Condition 2 3
960,4~2-8~2 Site ownership and control NA

PRECLOSURE GUIDELINES

960.5~1 Preclosure System

Radiological safety NA
Environment, socioeconomics, and
transportation ' NA

Ease and cost of siting, construction
operation, and closure
960,5~2-1 Population density and
distribution
Condition 1
Condition 2
Condition 3
960.5-2=2 Site ownership and control
960.5-2~3 Meteorology:
960.5-2-4 Offsite installations and
operations - o
960.,5~2~5 Environmental quality
Condition 1
Condition 2
Condition 3
960.5~-2-6 Socioecononic impacts
960,5=2~7 Trangportation
960.5~2-8 Surface characteristics
960.5-2~-9 Rock characteristics
960.5-2~10 Hydrology
960.5~2~-11 Tectonics
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8nless otherwise noted, the guideline has only one disqualifying condition.

Each guideline has only one qualifying condition.

A = Not applicable; guideline has no disqualifying condition.
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6.2 SUITABILITY OF THI YUCCA MOUNTAIN SITE FOR DEVELOPMENT AS A REPOSITORY:
EVALUATION AGAIN&! THE GUIDELINES THAT DO NOT REQUIFE SITE CHARACTER~
TZATION

This section prev=nts preliminary evaluations of the Yucca Mountain site
agalnst the elght techanical guldelines and the two system juidelines that do
not require data from site characterization as a prerec:.isite to their
application. The techinical guldelines are discussed firs-.

6.2.1 TECHNICAL GUIDELIUES

Seven preclosure technical guldelines and one postclcaure guideline are
evaluated in this section, The qualifying condition for each technical
guideline is presented at the beginning of the discussion of the quideline;
it provides a framework for discussion of the associated favorable and
potentially adverse conditions. An introduction describes the objective of
the guideline and then refers the reader to a summary table that atates the
entire guideline, the conclusions for each favorable and potentially adverse
condition, and the preliminary evaluation of the qualifying condition. For
the disqualifying conditions assoclated with these technical guidelines, a
separate summary table and text summaries are presented in Section 2.3, 1In
this chapter, after a description of the sources of relevant data, a series
of detailed evaluations provide the basis for the determination of whether
each favorable or potentlally adverse condition 1s preseat or not present at
the Yucca Mountain site. Finally, the evaluation and conclusion for the
qualifying condition summarize the favorable and potentially adverse
conditions, as well as introduce any other information that supports the
finding for the qualifying condition.

6.2,1.1. Postclosure site ownership and control (10 CFR 960.4-2~8-2)

6.2.1.1.1 1Introduction
The qualifying condition for this guideline is as follows:

The site shall be located on land for which the DOE can obtain,
in accordance with the requirements of 10 CFR Part 60, ownership,
surface and subsurface rights, and control of access that are
required in order that potential surface and subsurface activi-
ties at the site will not be likely to lead to radionuclide
releases greater than those allowable under the requirements
specified in Section 960.4~1,

This site ownership and control technical guldeline is a subpart of the
postclosure human interference technical guideline. The objective of this
guideline 18 to ensure that the U.S. Department of Energy obtains land owner=-
ship, in accordance with the requirements of 10 CFR 60.121 (1983), in order
to establish passive controls following closure of the repository and thus
decrease the likelihood of future human activities that would compromise the
integrity of the repository. Passive controls include permanent markers on
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the surface above the underground portlon of the repogitory and records
available to future g:nerations.

The postclosure site ownership and control guidelir. consists of one
favorable condition, wuna potentially adverse condition, tad one qualifying
condition, The evaluitions against these conditions are :niumarized in
Table 6~2.

6.2.1.1.2 Data relevant to the evaluation

The Yucca Mo.ntain site is wholly on federally owned land. However, as
explained below, three different agenciles curvently have jurisdiction and
control over portions of the site, The eastarn portion of the site is within
the boundaries of the Nevada Test Site (NTS) under the control of the U.S.
Department of Energy (DOE). The northwestern portion is on the Nellis Air
Force Range (NAFR) under the control of the Department »f the. Air Force
(DAF), The southwestern portion is on land in the public domain under the
jurisdiction of the Bureau of Land Management (BLM) of the Department of the
Interior (DOI), Figure 3~1 ghows the location of these segments., If land is
acquired and a repository is bullt at Yucca Mountain, a system of markers as
described by Kaplan (1982) could be installed to prevent potential human
interference with the repository.

Nevada Test Site segment

Pursuant to Public Land Order 2568, December 19, 1961, (DOI, 1961) this
land has been withdrawn from all forms of appropriation under the public land
laws, including the mining laws, and is under the jurisdiction and control. of
the DOE. The DOI has jurisdiction and control over "the mineral resources
and mineral and vegetable materials” of the land. The DOE has control over
all other surface and subsurface rights, including water rights from points
of extraction on the land. .The private acquisition of any surface or
subsurface rights 1s presently precluded by virtue of the current public land
order.

Nellis Air Force Range segment

Withdrawal legislation for the entire NAFR is currently before Congress.
Until such time as this legislation is enacted, the BLM serves as the
official protector of the land and custodian of all surface and subsurface
rights. Private acquisition of any rights oo or in the land 1s  presently
precluded pursuant to Section 204 of the Federal Land Policy and. Management
Act of 1976.

Bureau of Land Management segment
All land in this segment is 1in the public domain under the jurisdiction

and management of the BLM and has not been segregated from the: operatiOn of
the public land laws. : ’
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Table 6-2. Semmary of analyses mOﬂ.mmonHos‘va.w.pu postclosure site o&#me:»v and control

(10 CFR 960.4-2-8-2)

noummmwmuw Department of Energy (DOE) finding

'FAVORABLE ‘CONDITION

Present ownership and coatrol of land and all sur— The evidence indicates that this mm<onmvwm.nmwmwnwmﬁu.

face and subsurface rights by the DOE. o is not present at Yucca Mountain: the DOE presently :
does not exercise jurisdiction and control over all

the land that would make up the site.

POTENTEALLY ADVERSE CONDITION

cates that this potentially adverse -

Projected 1and-ownership conflicts that cannot The evidence indi

be successfully resolved through voluntary . condition is not present at Yucca Mountain: -
purchase-sell mmnmmamsanwnoumwmwcnmm agéncy- withdrawal action would have been taken prior to .
to—agency transfers of title, or Federal -condem constructing the proposed. repository. Additional . -

,EWH:mnNIMwm or transfers would mot be necessary: for.
the postclosure period. . S &

nation proceedingse«

- QUALIFYING CONDITION A
‘ihe »irz shall be located on land for QSWhW;mSm‘.,, : mxumnwuw:wnmowamnwoa\WmMm Avmwmtvunwn nrmwmwmﬁ»vmw =
DOE can obtain, in accordance with the require= = that the site is not HHmewﬂﬁowammﬁ”n:mJA¢MWHH&wum,vvw
ments of 10 CFR Tart 60, ownership, surface and condition (lsvel 3): . all land in ﬁcmmmwnmﬂumwlws

subsurface rights, and control of access that are owned by tha MmamanMWQ%mﬁnsmsnm the voWnMQﬁmmﬁm.n;m
required in order that potential surface and sub~ site not presently under DOE jurisdiction are under. -
curface activities at the site will not be 1ikely = . the jurisdiction and control of. the U.S: Department .
to lead to radionuclide releases greater than of the Air Force and the .Bureau; of Land Management .
those allowable under the requirements specified - The DOE plans to obtaia control through jianteragency
in Section 960.4-1. ‘ transfer., Future m»nm“WnnwdwhHmm are not Hkely to
cause radionuclide releéases in excess of allowable
limits. S, . R
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All the above lands are currently free and clear of encumbrances arising
under lease, right o! entry, deed, patent, mortgage, appropriation, prescrip-
tion, or otherwise {.utsey and Nichols, 1972)., The land use and withdrawal
actions neceasary fnor site characterization and for developing a geologic
repository are described in a plan developed by the Ne-ada Nuclear Waste
Storage Investigsticns Project (Richards and Vieth, 1983, The plan outlines
the actions necessi:rty for land acquisition to meet ths cequirements of
10 CFR 60,121 (1983),

Assumptions and data uncertainties

Uncertainties about the site ownaership and contrci ire related to inter-
agency negotiations involving the DAF and BLM over lanl withdrawal and
restrictions. Although the DOE has control over water vights from points of
extraction on the NTS, it is possible that superior rights to the water in
the same underground source may exist with respect to some point of
extraction outside the NTS boundaries.

6.2.141,3 Favorablé condition

Present ownership and control of land and all. surfaqe and
subsurface rights by t:he f)OE.

Evaluation

Control of the land where the proposed site is located currently resides
with the U.S. Department of Energy (DOE) (the Nevada Test Site portion), the
U.S. Department of the Air Force (DAF) (the Nellis Air Force Range portion),
and the Bureau of Land Management (BLM). Permanent withdrawal and reser-
vation of jurisdiction and control over surface and subsurface rights
requires Congressional approval., This transfer could be implemented as
described in the above-mentioned Nevada Nuclear Waste Storage Investigations
Project plan for land use and withdrawal.

Conclusion

Presently, the DOE exercises jurisdiction and control over omly a
portion of the Yucca Mountain site; the remaining portions are under the
jurisdiction and control of the DAF and the BLM. Therefore, the evidence
indicates that this favorable condition is not preseat at Yucca Mountain.
However, because the remaining portions of the proposed site are owned by the
Federal Government, it is expected that, at a later date, the DOE can acquire
Jjurisdiction and control over the land, including all surface and subsurface
rights. :

6.2.1.1.4 Pbtentially adverse condition

Projected iand*ownership conflicts that cannot be successfully
resolved throqu voluntary purchase-sell agreements, nondisputed
agency-to-agency transfers of title, or Federal condemnation

proceedings.
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Evaluation

While one portici of the Yucca Mountaln site lies within the Nevada Test
Site (NTS) and alre.dy is under the jurisdiction and control of the
U.S. Department of Eiergy (DOE), the site also includes .racts of land under
the jurisdiction of “he U,S. Department of the Air Force (DAF) and the Bureau
of Land Management {BLM). The alr space above the DAF ‘rortion is a small,
remote section of the Nellis Air Force Range (NAFR) whi.n is used only as a
flight corridor for military aircraft, and the BIM po.tion is a tract
immediately adjacent to the already restricted lands o’ -he NAFR and the NIS
on which no other activities are presently occurring »ad no privately held
rights or encum'rances have been identified as existing  Withdrawal of the
BLM portion from the public domain and transfer of control over the DAF
portion would have been accomplished prior to construction of the proposed
repository in order for the DOE to obtain jurisdiction and control over the
entire site (Richards and Vieth, 1983).

ggpclusion

Withdrawal action necessary for the DOE to obtain jurisdiction and
control over a portion of the site is planned to be accomplished prior to the
construction of the proposed repository. No additional land withdrawal
action will be necessary for the postclesure period. Therefore, the evidence
indicates that this potentially adverse condition is not present at Yuccs
Mountain. However, in view of the absence of conflicts over land use for the
lands to be withdrawn before repository construction would begin, no
impediments to the obtaining of control by the DOE are projected.

6.2.1.1.5 Evaluation and conclusion for the qualifying condition on the
postclosure site ownership and control guideline

Evaluation

Control of the Yucca Mountain site presently resides with the U.S.
Department of Energy (DOE), the Bureau of Land Management (BLM), and the U.S.
Department of the Air Force (DAF). The Nevada Nuclear Waste Storage
Investigations Project has prepared a plan for land use and withdrawal
actions for the DOE to acquire jurisdiction over, the necessary land from the
BLM and the DAF. No existing privately held rights or encumbrances, which
would necessitate government purchase or condemnation action, have been
identified for any portion of the site. The implementation of Congressional
action necessary for permanent transfer to the DOE has been deferred pending
selection of the site for a repository. Once the land is under DOE juris-
diction, the DOE would be able to control access to it. Permanent markers
would be used to mark the controlled area, which extends horizontally no more
than 5 kilometers (3.1 miles) in any direction from the boundary of the
underground facility and subsurface area committed to the repository. A
permanent marker and information system could use four types of messages:
(1) an obvious notification to possible intruders that something is located
there; (2) a warning that what is located at the site is dangerous (e.g., the
symbol for radioactive, material); (3) basic information such as what actions
must be avolded, what is'located at.the site, who placed it there, and where
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to find additional inforaation; and (4) a full record of information, such as
plans, drawings, and enrironmental impact statements (Kaplan, 1982), The
markers and records wou'd be used to discourage future genevations from deli-
berately or inadvertent’y disturbing the Yucca Mountain site after closure,

Conclusion

The plan by which the DOE would acquire jurisdiction :nd control over
all surface and subsurface rights for the Yucca Mountain ¢i:e will be imple~
mented if the site 1s selected for a repository. No impeiiments to eventual
complete ownership and control by the DOE have been iden:.ifled. Therefore,
on the basis of th~ above evaluation, the evidence does noi. support a finding
that the site is not likely to meet the qualifying conditLOU for postcloaure
site ownership and control (level 3),

6.2.1.2 Population density and distribution (10 CFR 960,5~2~1)

6.2.1.2,1 Introduction
The qualifying condition for this guideline is as follows:

The site shall be located such that, during repository operation
and closure, (1) the expected average radiation dose to members of
the public within any highly populated area will not be likely to
exceed a small fraction of the limits allowable under the require-
ments specified in Section 960.5~1(a){l), and (2) the expected
radlation dose to any member of the public in an unrestricted area
will not be likely to exceed the limit allowable under the require-
ments specified in Section 960.5-1(a)(1l).

The population density and distribution technical guideline is one of
four preclosure guidelines concerned with preclosure radiological safety,
The objective of the guideline is to ensure the selection of a repository
site that will minimize the risk to the public and permit compliance with the
U,S, Environmental Protection Agency and the Nuclear Regulatory Commission
regulations.

The guideline consigts of two favorable conditions, two potentially
adverse conditions, three disqualifying conditions, and one qualifying condi-
tion. The Yucca Mountain site is evaluated with respect to all these dondi~-
tions in the following sections, and Table 6-3 gummarizes the pertinenﬁ
findings for all conditions except the disqualifying condittions, 4

i

6.2.1.2.2 Data relevant to the evaluation

This section presents data on population and population density, approx-
imate distances from the proposed location of the surfdce facilities {(mea-
sured in a straight line, not along existing road networks, on maps In the
Nevada Map Atlas, State of Nevada, Department of Transportation, ca. 1984)
and information on potential radiation doses to members of the'public.
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Table 6-3. Summary of analyses for Section 6.2.1. 2; population density and distribution

(1G CFR 960.5-2-1)

Condition

Department of Energy (DOE) finding

)

(2)

(1)

FAVORABLE CONDITIONS

A low population density in the general re-—
gion of the site.

Remoteness of the site from highly populated
areas.

The evidence indicates that this favorable condition
is present at Yucca Mountain: the site is located

in a county with a population density of 0.5 person
per square mile; the population density in the near-
by areas is well below the continental U.S. average.

The evidence indicates that this favorable condition
is present at Yueca Mountain: the proposed location
of the surface facilities at Yucca Mountain is
remote from the nearest highly populated area, which
is about 137 kilometers (85 miles) away.

.maamz._..;rrm ADVERSE CONDITIONS

High residential, seasonal, or nm%nwam movct
lation density within the vNOHmnnmm site
boundaries.

Proximity of the site to highly populated
areas, or to areas having at least-1,000-
individuals in an area 1 mile by 1 mile as
defined by the most recent decennial count
of the U.S. eensus.

The m<Hmm=nm indicates that this potentially adverse
oo:munwou is not present at Yucca Mountain: there
is no seasonal, daytime, or residential population
within the projected site boundaries.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: the
nearest area 1 mile by i1 mile having a population of
at least 1,000 is about 137 kilometers (85 miles)
from the proposed location of the surface
facilities.
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Table 6-3. Summary of analyses for Section 6.2.1.2; population density and distribution
(10 CFR 960.5-2-1) (continued)

Condition . E Department of munmm% AUOMV Mﬁbaw:m

QUALIFYING CONDITION

The site saz”" ke located such that, during Existing information does not support the finding
repository operation and closure, (1) the that the site is not likely to meet the qualifying
expected average radiatiorn dose to members of the condition (level 3): the site is in an area of
public within any highly populated area will not extremely low population density; radiation doses
be likely to exceed a small fraction of the limits are not expected to exceed a small fraction of the
allowable under the requirements specified in limits specified for members of the public in
Section 960.5-1(a)(i), and (2) the expected unrestricted areas.

radiation dose to any member of the public in an
enrestricted area will not be likely to exceed
the limit allowable under the requirements
specified in Section 260.5-1(a)(l).
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In 10 CFR 960.2 " 1984), a highly populated area is defined &s, "Any
incorporated place (r.cognized by the decennial reports of the U.S. Bureau of
the Census) of 2,500 ur more persons, or any census designated place (as
defined and delineate! by the Bureau) of 2,500 or more peisons, unless it can
be demonstrated that any such place has a lower populati:i density than the
mean value for the continental United States. Countice or county
equivalents, whether Incorporated or not, are specifical” s excluded from the
definition of "place” as used herein."” TFor purposes of .his analysis, the
mean population density of the continental United Stat°s 1s 76 persons per
square mile, as shown in the 1985 Statistical Abstract 0% the United States
(DOC, 1984) for the coiterminous United States in 1980.

Nye County, where the Yucca Mountain site is located, had a 1980 popu~
lation density of 0.5 person per square mile (Section 3.4.2.2). Gabbs, the
only incorporated city in Nye County in 1980, had a population of 811 (DOC,
1981),and is located about 248 kilometers (154 miles) ncrthwest of the pro-
posed location of the surface facilities. Tonopah, the only census desig-
nated place In the county in 1980, had a population of 1,952. It is located
about 153 kilometers (95 miles) to the northwest. There are no residential
inhabitants within a 10~kilometer (6.2~mile) radius of the Yucca Mountain
site; and all land within this radius is currently federally controlled and
not open to settlement. Population values for Nye County communities nearest
the Yucca Mountain site were not reported at the community level by the 1980
census. Estimates of theilr population values as reportzd in Smith and Coogan
(1984), are discussed below. Theilr approximate distances (in a straight
line, not along existing road networks) from the proposed location of the
surface facilities are also given.

The nearest population center is located in the unincorporated Town of
Amargosa Valley, residents of which are spread out in numerous small settle-
ments within its estimated 1,036 square kilometers (400 square miles)
(Section 3.6.4.1.1). Major population concentrations are located in the
community formerly called Lathrop Wells, and now also called Amargosa Valley,
approximately 23 kilometers (14 miles) to the south; the Amargosa Farm area,
approximately 37 kilometers (23 miles) to the south; and the American Borate
housing complex roughly 45 kilometers (28 miles) to the south. Population of
these areas in 1984 was estimated to be 45, 1,500, and 280, respectively
(Smith and Coogan, 1984)., An estimate of the total population of the
unincorporated town is not avallable (Section 3.6.2.2).

Beatty, located about 31 kilometers (19 miles) to the northwest had a
1984 estimated population of 800 (Smith and Coogan, 1984). Pahrump's 1984
population was estimated to be 5,500 (Smith and Coogan, 1984). It is located
slightly more than 80 kilometers (50 miles) to the southeast.

Two rural counties adjacent to Nye County are Esmeralda and Lincoln.
Their boundaries are located approximately 68 kilometers (42 miles) and
48 kilometers (30 miles) west and east, respectively, from the proposed
location of the surface facllities., The 1980 population density of Esmeralda
County was 0.2 person per square mile, and that of Lincoln was 0.4 person per
square mile (DOC, 1981). There were no incorporated cities or census
designated places in Esmeralda County in 1980. The incorporated city of
Caliente in Lincoln County had a 1980 population of 982. Lincoln County had
no census designated places in 1980 (DOC, 1981).
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Clark County, adjacent to the southeast part of Nye County (with a
boundary about 48 )1llometers (30 miles) east of the proposed location of the
surface facilities , had a 1980 population density of 58.8 persons per square
mile (Section 3.6...3). The nearest urban area is the Las Vegas Valley in
Clark County. It 'ncludes the incorporated cities of 'ienderson, Las Vegas,
and North Las Vegas, and the unincorporated towns and :>rmunities of East Las
Vegas, Enterprise, Grand View, Lone Mountain, Paradi:e, Spring Valley,
Sunrise Manor, and Winchester., The 1980 population de 3ity of the Las Vegas
Valley was 585 persons per square mile. The Las Vega:r Valley 1s approxi~
mately 137 kilometers (85 miles) (as measured from t!: !ntersection of U.S.
Highway 95 and Interstate 15) from the proposed locast’on of the surface
facilities. The rem,inder of Clark County outside the tas Vegas Valley makes
up about 90 perrent of its geographic area. This part of the county had a
1980 population density of 2.7 persons per square mile (Section 3.6.2.3).
The unincorporated town of Indian Springs, located aloog U.S. Highway 95 in
northwest Clark County, is approximately 74 kilometers (46 miles) fxom the
proposad location of the surface facilities, making it the nearest Clark
County community. Its 1980 popuylation was estimated to be 1,446 (Section
3.6.2.3). , : s :

Sections 3.6.2.2 and 3.6.2.3 present a discussion of the recent and
forecast baseline populations for Nye and Clark counties, respectively, and
gilve recent population data for communities nearest the site. . Note however,
that distances reported in those sections are measured along the existing
road network. :

The Nevada Test Site (NTS) and Nellis Air Force Range (NAFR) surround
the Yucca Mountain site on three sides. About 5,200 persons work but do not
reside at the NTS, aud several hundred may occasionally remain overnight in
Mercury and other NTS locations; however, there are no permanent residences
or private property on the NTS or NAFR. The southwest side of the Yucca
Mountain site 1s bounded by land controlled by the Bureau of Land Management
and 18 closed to permanent settlement but open to public access.

The potential radiation doses feor the public residing within 80 kilo-
meters (50 miles) of the repository site have been estimated for postulated
accidents during repository operations (Jackson et al., 1984). The popu-
lation within 80 kilometers (50 miles) of the proposed repository location
was conservatively estimated Lo be 19,908, by identifying the counties within
that radius and dividing the 1980 county population by the county area to
obtain the county population density. Once county population densities were
determined, the county area within the 80-kilometer (50-mile) radius was
multiplied by that county's density to estimate population. The results for
each county were then summed. If population centers (i.e., cities or unin-
corporated places) are accounted for, the population within 80 kilometers
(50 miles) of the proposed repository is estimated to be 11,674 (Morales,
1985). The worst-case accident-related single exposure to the maximally
exposed individual, assumed to be located approximately 4 kilometers
(2.5 miles) southwest of the surface facilities was estimated to be 0.055 rem
(0.068 rem 50-year dose commitment). The same accident would result in an
estimated worst-~case population dose commitment of 110 man-rem to a
population of 19,908 within 80 kilometers (50 miles) of Lhe repository site.
Using estimates of natural radiation in granite from DOE (1980Qa), an estimate
of the release of natural radioactivity from the volcanic rocks of the Yucca
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Mountain site during counstruction can be calculated. Construction of a
repository would resul: in an annual effective whole~body dose for a member
of the general population of less than 0,05 millirem. Natural background
radiation from all sources contributes an individual whole~body equivalent
dose of 0.09 rem per year (Jackson et al., 1984). For 2 discussion of
applicable dose linits, refer to sections 6.2.2.1 and 6.4.'. For discussions
of potential operatioial radiation exposures, see Section 5.4%.1.

Assumptions and data uncertainties

Long~term changes in population density and distri.uiion are difficult
to predict. For example, increased employment opportuni ies at the Yucca
Mountain site during repository construction, operation, &ad decommissioning
could result in population increases in the nearby towns that are different
than recent settlement patterns of NT§ workers (Table 5-.¢). However, actual
settlement patterns would be one element of a socioecouiomics monitoring
program that would be developed.

6.2.1.2.3 Favorable conditions

(1) A low population density in the general region of the site.

Evaluation

The Yucca Mountain site is in Nye County, which bad a 1980 population
density of 0.5 person per square mile (Section 3.6,2.2), This {8 low in
comparison with the 1980 population density of the continental United States,
which was 76 persons per square mile. Two counties adjacent to central Nye
County, west and east of the site, respectively, are Esmeralda and Lincoln.
In these counties tha 1980 population densities were 0.2 and 0.4 person per
square mile, respectively (DOC, 1981).

Clark County had a 1980 population density of 58.8 persons per square
mile. The nearest urban area is the Las Vegas Valley, 137 kilometers
(85 miles) to tue southeast. This area includes the incorporated cities of
Henderson, Las Vegas, and North Las Vegas as well as the unincorporated towns
and communities of East Las Vegas, Enterprise, Grandview, Lone Mountain,
Paradise, Spring Valley, Sunrise Manor, and Winchester. The Las Vegas Valley
had a 1980 population density of 585 persons per square mile. The part of
Clark County outside the Las Vegas Valley, about 90 percent of its geographic
area, had a 1980 population density of about 2.7 persons per square mile.

Conclusion

The county containing the Yucca Mountain site had a population density
of 0.5 person per square mile, which is substantially below the continental
U.S. average density of 76 persons per square mile. 7Two adjacent counties
also had population densities well below the ‘U.S. average. Outside the Las
Vegas Valley, which 1s 137 kilometers (8% miles) away, Clark County had a
population density of about 2.7 persons per square mile. Therefore, this
favorable condition 1s present at Yucca Mountain,
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(2) Remoteness of the site from highly populated areas.

Evaluation

The Yucca Mountain site is in southern Nye Count>, Nevada (see Figure
3-21). Southern Nre County is bordered on the east tw Clark and Lincoln
counties and on the west by Esmeralda County. Bordere of these counties are
about 68 to 48 kilometers (42 to 30 miles) from the pr posed location of the
surface faciliiies. In 1980, neither Lincoln Countv nor Esmeralda County
contained any highly populated areas. Since nelther tihe incorporated city
(Gabbs) nor the census designated place (Tonopah) i1t e County had popu-
lations greater than or equal to 2,500 in 1980, neither are considered highly
populated areas for purposes of the evaluation of this guideline. Gabbs is
about 248 kilometers (154 miles) to the northwest, &nd Tonopah is about
153 kilometers (95 miles) to the northwest. The ivcorporated city of
Caliente in Lincoln County is not considered a highly populated area. The
nearest highly populated area 1s the Las Vegas Vallev in Clark County,
approximately 137 kilometers (85 miles) southeast of the proposed location of
the surface facilities.

The unincorporated towns of Amargosa Valley and Beatty lie closest. to
the Yucca Mountain site, at distances of 23 kilometers (l4 miles, at the
nearest population concentration) and 31 kilometers (19 miles), respectively.
U.S. Bureau of the Census population estimates for these towns are not
avallable. Beatty had an estimated population of 800 (Smith and Coogan,
1984)., Approximately 45 people were concentrated along U.S. Highway 95 in
the Amargosa Valley community formerly called Lathrop Wells; another 1,500
persons were located about 37 kilometers (23 miles) south of U.S. Highway 95
in the Amargosa Farm area; and approximately 280 persons lived at the
American Borate housing complex on Nevada State Route 373 about 45 kilometers
(28 miles) south of the surface facilities location (population data from
Smith and Coogan, 1984). These are not considered highly populated areas.

Conclusion
The Yucca Mountain site is remote from any highly populated area. The
nearest highly populated area is about 137 kilometers (85 miles) to the

southeast of the proposed location of the surface facilities. Therefore,
this favorable condition 18 present at Yucca Mountain. '

6.2.1.2.4 Potentially adverse conditions

(1) High residential, seasonal, or daytime population density
within the projected site boundaries.

Evaluation

The surface facilities for a repository at Yucca Mountain would be
located in the center of an uninhabited area with a radius of at least
10 kilometers (6.2 miles). Other than the work force currently engaged in
preliminary site investigations at Yucca Mountain as part of the Nevada
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Nuclear Waste Stovuge Investigations Project, there is presently no daytime
or geasonal use of the area.

Conclusion

The projected boundaries of the Yucca Mountaln s'te (see Figure 2-1)
presently contain o residential or daytime populatic., except for those
daytime personnel :xssoclated with ongoing investigaticecs of the site for a
geologic reposirory. Therefore, the evidence indicate¢s that this potentially
adverse condition 18 not present at Yucca Mountain.

(2) Proximity of the site to highly populated areas, or to areas
having at ’east 1,000 individuals in an area 1 mile by 1 mile as
defined by the most racent decennial count of the U.S. census.

Evaluation

The nearest highly populated area is the Las Vegas Valley about
137 kilometers (85 miles) to the southeast of Yucca Mountain. This is also
the nearest area 1 mile by ! mile having a population of at least 1,000
individuals (Clark County Department of Comprehensive Planning, 1983).

Conclusion

The Yueca Mountain site is about 137 kilometers (85 miles) away from the
nearest highly populated area. It is equally remote from any area having at
least 1,000 individuals in an area 1 mile by 1 mile as defined by the 1980
census., Therefore, the evidence indicates that this potentially adverse
condition is not present at Yucca Mountain,

6.2,1.2.5 Disqualifying conditions

There are three disqualifying conditions with regard to population
dengity and distribution. To avoid repetition, the disqualifying conditions
(stated below) are evaluated together. Separate conclusions are given for:
each disqualifying condition.

A site shall be disqualified if:

(1) Any surface facility of a repository would be located in
a highly populated area; or

(2) Any surface facility of a repository would be located
adjacent to an area 1 mile by 1 mile having a population of
not less than 1,000 individuals as enumerated by the most
recent U.S. census; or

(3) The DOE could not develop an emergency preparedness

program which meets the requirements specified in DOE Order
5500.3 (Reactor aud Non~Reactor Facllity Emergeucy Planning,
Preparedness, and Response Program for Department of Energy
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Operations) and related guides or, when issued by the NRC in
10 CFR Prct 60, Subpart I, "Emergency Planning Criteria.”

Evaluation

There are no residents within 10 kilometers (6.2 wfles) of the Yucca
Mountain site. Th: nearest highly populated area 1s t'a Las Vegas Valley at
a distance of 137 wkilometers (85 miles); this 1is alsc the distance to the
nearest area ] mile by 1 mile with a population of meve than 1,000 persons,

The U.S. Department of Energy (DOE) in cooperatic: with the State of
Nevada has produced an emergency preparedness plan and notification pro-
cedures (State »f Nevada, Department of Human Resources, 1983; DOE/NVO, 1985)
that covers loss of control of radloactive materials leading to a hazard or
potential bazard to public health, safety, or property. This plan identifies
agenciles and individuals to be notified in the event of a radiological emer=-
gency. It provides guidance for the plan participante and establishes proce-
dures for requesting and providing assistance.

Conclusion for disqualifyingrcondition 1

The nearest highly populated area is about 137 kilometers (85 miles)
from the proposed location of the surface facilities at Yucca Mountain.
Consequently, surface facilitles at Yucca Mountain would not be located in a
highly populated area. Therefore, the evidence supports a finding that the

site 1s not disqualified . on: the basis of that evidence and is not: likely to
be disqualified (level 2).:: : .

Conclusion for disqualifying condition 2

The Yucca Mountain site 18 not adjacent to any area 1 mile by 1 mile
having a population of 1,000 or more. The nearest such area 1is about
137 kilometers (85 miles) by air to the southeast. Therefore, the evidence
supports a finding that the site 1is not disqualified on the basis of that
avidence and 138 not likely to be disqualified (level 2).

Conclusion for disqualifying condition 3

Preparation of an emergency preparedness plan for Yucca Mountain should
present no problems; the DOE has already prepared such a plan for the Nevada
Test Site and has worked with the State of Nevada to establish a plan for the
State. Therefore, on the basis of the above evaluation, the evidence does
not support a finding that the site is disqualified (level 1).

6.2.1.2.6 Evaluation and conclusion for the qualifying condition on the
population density and distribution guideline

Evaluation

The nearest highly populated area, according to 1980 census information,
is in the Las Vegas Valley of Clark. Gounty which is 137 kilometers (85 miles)
from the proposed location of the surface facilities at the Yucca Mountain
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site, Preliminary -alculations of radiation doses from worgt-case single
accidental exposure g¢lve a total-body dose of 0.055 (0.068 rem 50-year dose
commitment) for the maximally exposed individual, who is assumed to be

4 kilometers (2.5 miles) from the surface facility (Jackson et al., 1984).
For comparison, thes» doses are well balow the dose limit from 10 CFR Part 20
(1984) of 0.5 rem par year for the total-body dose to i individual in an
unrestricted area. [he worst-case population dose for t:e¢ same set of acci-
dents 1s estimated ut 110 man-rem to a conservatively &-.imated population of
19,908 within 80 kilometers (50 miles) of the potential cepository site. The
natural background sources contribute an individual tctul-body dose commit-
ment of 0.09 rem per vear and an annual whole-~body popul:tion dose commitment
of about 1,790 man-rem to the same 19,908 people (Jack: m et al., 1984).
Estimated releases under normal repository operations (fur a generic reposi-

tory) are shown in Section 6.4.1 to produce concentrations well below the
maximum permissible concentrations.

Conclusion

The site is in an area of extremely low population lensity, remote from
any highly populated areas. Normal repository operations are not expected to
allow releases that exceed requirements. Preliminary calculations indicate
that even the axpected worst-case radiological .dose will not exceed the
limits of 10 CFR 960.5~1(a)(1) (1984) and will be negligible when compared
with the background-radiation dose. Therefore, on the basis of the above
evaluation, the evidence does not support a finding that uhegsite is not.

likely to meet the qualifying condition for population density and
distribution (level 3).

6.2.1.3 Preclosure site ownership apnd contrél (10 CF&.960}5~2~2)

().2. 1030 1 1“tr0duction
The qualifying condition for fhis guideline is as followé:

The site shall be located on land for which the DOE can obtain, in
accordance with the requirements of 10 CFR 60.121, ownership, sur-
face and subsurface rights, and control of accegs that are required
in order that surface and subsurface activities during repository
operation and closure will not be likely to lead to radionuclide
releases to an unrestricted area greater than those allowable under
the requirements specified in Section 960.5-1(a)(1).

This site ownership and control technical guideline is the second of
four preclosure guidelines concerned with preclosure radiological safety.
The objective is to ensure that the U.S. Department of Energy can obtain land
ownership, in accordance with the requirements of 10 CFR 60.121 (1983), and
minimize the risk of releases to an unrestricted ares greater than those
allowable under the requirements specified in Section 960.5-1(a)(1).

The guideline consists of one favorable condttion, one potentially

adverse condition, and ‘one qualifying condition, A summary of che
evaluations presented below is given in Table 6-4.
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Table 6-4. Summary of analyses for Section 6.2.1.3; preclosure site ownership and control

(10 CFR 960.5-2-2)

Condition

Department of Energy (DOE) finding

FAVORABLE CONDITION

Fresen. swaersnip and coantro: of land and mwﬁww:ﬂl
face and subsurface mineral and water rights by
the DCE. :

The evidence indicates that this favorable condition
is not present at Yucca Mountain: the DOE presently
does not exercise jurisdiction and control over all
of the land that would make up the site,

POTERTIALLY ADVERSE CONDITION

‘Projected land—ownership conflicts that cannot

be successfully resolved through voluntary
purchase-sell agreements, nondisputed agency-
to—agency transfers of title, or Federal
condemnation proceedings.

QUALIFYING

The site shall be located on land for which the
DOE can cbtain, iam accordance with the regquire-
ments of 10 CFZ 60.121, ownership, surface and
subsu:rface righte, and contiol of access that are
reguired in order that surface and subsurface ac-
tivities during repository operation and closure
will not be likely to lead to radionuclide release
to an unrestricted arza greater than those allow~
able under the requirements specified in Section
960.5-1(a)(1).

The evidence indicates that this potentially adverse
condition is present at Yucca Mountain: withdrawal
action 1s necessary in order for the DOE to obtain
jurisdiction and control over a portion of the site.

CONDITION

Existing information does not support the finding
that the site is not likely to meet the qualifying-
condition (level 3): the portions of the site mnot
presently under DOE jurisdiction are Federal land;
the DOE has a plan to obtain control through inter-
agency transfer. Surface and subsurface activities
are unlikely to lead to radionuclide releases 1in
excess of the regulatory limits.




6.2.1.3.2 Data relevant to the evaluation

The Yucca Mountain site is wholly on federally owned land not currently
restricted by environ.ental land-use conslderations. Howaever, as sxplained
below, three differen- agencles currently have jurisdicticn and control over
portions of the site., The eastern portion of the site 1; within the bound-
aries of the Nevada T-st Site (NTS) under the control of ri:c U.S. Department
of Energy (DOE). The northwestern portion is on the Nel 13 Air Force Range
(NAFR) under the control of the U.S. Department of the A. ' Force (DAF). The
sovthwestern portion 18 on land in the public domain urdi ¢ the jurilsdiction
of the Bureau of Land Management (BLM) of the Departme.:t of the Interior
(DOI)., Figure 3-1 shov's the location of these segments.

Nevada Test Site segment

Pursuant to Public Land Order 2568, December 19, 1961, (DOL, 1961) this
land has been withdrawn from all forms of appropriation uader the public land
laws, including the mining laws, and is under the jurisdiction and control of
the DOE. The DOI has jurisdiction and control over “"the mineral resources
and mineral and vegetable materials” of the land. The DOE has control over
all other surface and subsurface rights, including water rights from points
of extraction on the land. The private acquisition of any surface or sub~
surface rights is presently precluded by virtue of the current public land
order,

Nellis Air Force Range segment

Withdrawal legislation for the NAFR 1is currently before Congress. Until
such time as this legislation 1s enacted, the BLM serves as the official pro-
tector of the land and custodian of all surface and subsurface rights.
Private acquisition of any rights on or in the land is presently precluded

pursuant to Section 204 of the Federal Land Pollcy and Management Act of
1976.

Bureau of Land Management segment

All of this land'ls in the public domain under the jurisdiction and
management of the BLM and has not been segregated from the operation of the
public land laws.

All the above lands are currently free and clear of encumbrances arising
under lease, right of entry, deed, patent, mortgage, appropriation, prescrip-
tion, or otherwise (Lutsey and Nichols, 1972). The land use and withdrawal
actions necessary for site characterization and for developing a geologic
repository are described in a plan developed by the Nevada Nuclear Waste
Storage Investigations Project (Richards and Vieth, 1983). The plan contains
the actions necessary for land acquisition to meet the requirements of
10 CFR 60.121 (1983).

Assumptions and data uncertainties

Uncertainties about site ownership and control involve interagency nego-
tiations with the DAF and the BLM over land withdrawal and restrictions. The
DOE has control over water rights from points of extraction on the NTS. It
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1s possible that superior rights to the water in the same underground source
may apply to a polrt of extraction located outside the NTS boundaries. The
significance of this issue woyld depend on superior rights, and a comparison
of the amount of wuter needed to construct and operate the repository to the
amount avallahbhle fur extraction from the underground s-irce. This issue will
be resolved prior zo the commencement of site characte: ization.

0.2+1¢3.3 TFavorable condition

Present ownershlp and contrul of land and al. surface and
subsurfac: mineral and water rights by the DOE,

Evaluation

Control of the land where the potentlal repository site is located cur-
rently resides with the U,S, Department of Energy (DOE) (the Nevada Test Site
portion), the U.S, Department of the Alr Force (DAF) (the Nellias Air Force
Range portion), and the Bureau of Land Management (BLM), Permanent.transfer
of the required areas to the DOE, inciuding all surface and subsurface:
rights, would require Congressional approval and could be implemented in
accordance with the plan for land use and withdrawal prepared by the Nevada
Nuclear Waste Storage Investigations Project.

Conclusion

Presently the DOE has jurisdictiown over only a portion of. the ;Yucca
Mountain site; the remaining portions are controlled by the DAF and. the BLM.
Therefore, the evidence. indicates that this favorable condition is not
presant at Yucca Mountain. .

6.2.1.3.4 Potentially adverse condition ‘ Cn

. Projected  land-ownership counflicts that cannot be successfully. .
resolved through voluntary purchase-sell agreements, nondisputed
agency-to-agency transfers of title, or Federal condemnation.

groceedings.

Evaluation

While one portion of the Yucca Mountain site lies within the Nevada Test
Site (NTS) and already is under the jurisdiction and control of the U.S. -
Department of Energy, the site also includes tracts of land under the juris~
diction of the U.S. Department of the Air Force (DAF) and the Bureau of Land
Management. The air space above the DAF portion 1s a small, remote. section
of the Nellis Air Force Range which is used as a flight corridor for military
alrcraft, and the BLM portion is a tract immediately adjacent to the already
restricted lands of the NAFR and the NTS on which no other activities are
presently occurring and no privately held rights ;or .encumbrgnces -have been
identified as existing. . Withdrawal of the BLM portion from. the public domain
and transfer of control over the;DAF portion are necessary. for. the DOE to ..

6~24
ainian n AR A .



obtain jurisdictior and control over the entire site (informaticn from: the:
land use and withd-awal action plan by Richards and Vieth (1983) clted in
Section 6,2.1.3.2%. \ .o

Conclusion Cf

Withdrawal ac’ion 1s necessary for the DOE tc obi iia. jurisdiction and
control over the ¢ntire site, Therefore, the evidenc. indicates‘thac‘this
potentially adverse condition is present at Yucca Mouxiain. ' However, in view
of th: absence of conflicts over land use for this pc©tion, no 1mped1ments to
the obtaining of control by the DOE are projected. :

6.2.1.,3.5 Evaluation and conclusion for the qualifying condition on: nhe v
preclosure - site ownership and control guideiine , '

Evaluation P ' : : S

Control of the Yucca Mountain site presently resides with the U.S.::
Department of Energy (DOE) (the eastern portion on the Nevada Test Site), the
U.S. Department of the Air Force (DAF) (the northwestern portion on the
Nellis Air Force Range), and the Bureau of Land Management (BLM) (the south-
eastern portion). The Nevada Nuclear Waste Storage Investigations Project:
developed a land use and withdrawal plan for the DOE to acquire: jurisdiection
over the necessary land from the BLM and DAF. No existing privately held
rights or euncumbrances, which would necessitate government purchase or con-
demnation action, have been ldentified for any portion of the site. The
implementation of Congressional action necessary for the  permanént transfer
of title to the DQE has been deferred pending the selection of a site for a
repository. A plan to control and limit access to the Yucca Mountain site
during the operation and closure of a repository will be prepared in accor~
dance with DOE policies and procedures limiting access to regstricted areas.
No problems are expected in meeting the applicable safety requirements. for
radioactive releases to unrestricted areas (Section 6.2.1.2.6).

Conclusion

The plan by which the DOE would acquire jurisdiction and control over
all surface and subsurface rights for the Yucca Mountain site ‘will :be -’
implemented 1if the Yucca Mountain site is selected for a repository.  :No
impediments to eventual complete ownership and control by the DOE- have been
identified. Surface and subsurface activities during repository operation
and closure are not expected to lead to releases exceeding the requirements
specified in Section 960.5-1(a)(1). Therefore, on the basis of the above
evaluation, the evidence does not support a finding that the site is not
likely to meet the qualifying condition for preclosure site ownership and
control (level 3).
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6.2.1.4 Meteorology (10 CFR 960.5-2~3)

6.2.1.4.1 Introduc«ion
The qualifying condition for this guideline is as rollows:

The site shall be located such that expected v~ teorological
conditions duzing repository operation and closurir will not be
likely to lead to radionuclide releagses to an n<rvstricted area
greater than those allowable under the requirememta specified in
Section 960.5~1(a)(l).

The meteorology technical guideline addresses the roncern that radio-
active material released during repository operations and closure could be
transported to an unrestricted area. The principal objective of this pre-
closure guldeline is to ensure that the meteorological conditions at the
proposed slte are favorable for the atmospheric dispersion of any alrborne
radionuclides that might be released from the repository and to ensure com-
pliance with the system guideline for preclosure radiological safety. Also
of concern is the potential for extreme weather phenomena that could affect
the operation and safety of the repository.

The guideline consists of one favorable condition, two poténtially.
adverse conditions, and one qualifying condition. The evaluations.presented
below are summarized in Table 6-5, :

6.2,1,4.2 Data relevant to the evaluation

Long-term meteorological data have not been collected at Yucca Mountain,
A weather station wad operated from 1956 to 1978 at Yucca Flat, approximately
40 kilometers (25 miles) to the northeast. Data from the station have been
compiled for the 10 years from 1962 through 1971 (Bowen and Egami, 1983), and
upper ailr data have baen compiled for the 7 years from 1957 through 1964
(Quiring, 1968). Since mid-1982, a meteorological measurement system con-
gisting of two monditoring stations, one near the ridge and one to the east' of
Yucca Mountain (both instrumented at levels 10 and 3 meters (33 and 10 feet)
above the ground, has been operated for the Nevada Nuclear Waste Storage
Investigations Project by the Desert Research Institute. Data from this
system are avallable (Church et al., 1984). The National Weather Service:has
been recording meteorological data since 1914 at Beatty, approximately 31
kilometers (19 miles) west of Yucca Mountain. These data are on file'at the
National Oceanic and Atmospheric Administration, Nationral Climatic Center,
Asheville, North Carolina.

Statistical information on severe weather and storms-in southern Nevada
is contained in reports by Thom (1963), Pautz (1969), the U.S. Nuclear .
Regulatory Commission (Henz and Pearl, 1981), Bowen and Egami (1983), Quiring
(1983), and Hershfield (1961). Regional atmospheric diffusion and dispersion
characteristics are discussed by Bowen and Egami (1983) and Holzworth (1972).
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Table 6-5.

Summary of analyses for Section 6.2.1.4; meteorology (10 CFR 960.5-2-3)

Condition

Department of Energy (DOE) finding

Lo

FAVORABLE CONDITION N

repository operation and closure woulqd be effec-
tively aumvmnmmm. thereby reducing mu@ﬂ»mmnmnnww
the likelihood of unacceptable exposures to

any member of the Public in the vicinity of the
repository,

(25

History of extreme weather v:m:oamzmllm:nw as
vcﬂﬂnnmzmm. tornadoes, severe floods, or
severe and frequent winter storms~—that could

The evidence indicates that this favorable condition N
is present at Yucca Mountain: regional wind flow o
patterus and atmospheric dispersion nrmnmnnmnnmnunm
are expected to mmmmnnn<mmw disperse radioactive
releases, if any, and to thereby reduce the

likelihood of unacceptable exposures to any member
of the public,

<o
o
The evidence indicates that thig potentially adverse o~
condition is nor Preseat at Yucca Mountain: surface
and high-level winds toward the population center in &
the Las Vegas urban area (about 137 kilometers mw
(85 miles) away by air) occur less than 12 percent

No preferentia] tramsport noeﬁmm.HOhmH
population centers ig expected.

The evidence indicates that this pPotentially adverse
condition ig pot Preseat at Yucca Mountain:
Mountain hag one of the lowest frequencies of
eéxtreme weather 1in the U.s, Extreme weather
phenomena occurring in the desert are of such short
duration that no significant effects on repository
operation or closure are expected.

Yucca
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Table 6~5. Summary of analyses for Section 6.2.1.4; meteorology (10 CFR 960.5-2-3) (continued)

Condition

Department of Energy (DOE) finding

. QUALIFYING CONDITION

The sit.. .hall be located such that expected mete—
orological ccnditions during repository operation
and closure will rot be likely to lead to radio—
nuclide releases to an unrestricted area: greater
than those allowable under the requirements speci-
fied in Sectiom 960.5-1(a)(1).

Existing information does not support the finding
that the site 18 not likely to meet the qualifying
condition (level 3): good atmospheric dispersion
and limited possibility for preferential transport
toward population centers are expected; no severe
meteorological conditions that would cause radio-
auclide releases greater thaan regulatory limits are
expected.
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Data regarding ¢he population centers in the region around Yucca
Mountain have been ct:ained Erom Smith and Coogan (1984) and Clark County
Department of Comprehrnsive Planning (1983).

Assumptions and data uncertainties

Much of the ava'lable meteorological iInformation 1. rnot specific to
Yucca Mountain. Howaver, the Yucca Flat and Beatty meas: e¢ment statlons are
close enough for thelr data to be representative of the general meteor-—
ologlical conditlions at Yucca Mountain. Also, both the 1 iwc¢a Flat station and
the proposed repository surface facllities are located ! topographically
simllar basins, and shuuld experience simllar meteorolcg: cal conditions.
Terrain-induced dlurnal wind flow patterns are very localized and would not
contribute significantly to reglonal atmospheric dispers®on. Upper leval
wind directlou data should adequately reflect the reglonal-scale winds, which
are primarily responsible for long-range transport. The historical infor-
mation on severe weather and storms has been collected at a limited number of
observation stations !n the region; the frequency of these phenomena could be
slightly underestimated, because of the broad spatial distribution of record-
ing stations. Nonetheless, the frequency or severity of storms probably is
not significantly underestimated because the ‘obsarved frequencies are low
throughout the area.

6.2.1.4.3 Favorable condition

Prevailing meteorological conditions such that any radloactive
releases to the atmosphere during repository operation and closure
would be effectively dispersed, thereby reducing significantly the
likelihood of unacceptable exposures to any member of the public in
the vicinity of the repository.

Evaluation

Meteorological conditions should provide for effective atmospheric
digpersion at the Yucca Mouuntain site. It 1s assumed that reglonal scale
patterns are similar to those measured at Yucca Flat., It is recognized that
meteorological conditions vary somewhat with altitude and geographic
location. High average annual wind speeds of 11.9 kilometers (7.4 miles) per
hour have been measured at Yucca Flat over a l0-year perlod of record (Bowen
and Egami, 1983), and high wind speeds, which favor effective dispersion, are
also expected at Yucca Mountain. Calculations by Holzworth (1972) indlcate
that extreme limitations to atmospheric dispersion should rarely occur over
the Yucca Mountain area. Isopleths of the mean annual mixing heights show
that the region surrounding the proposed site experiences some of the deepest
atmospheric mixing layers in the United States, a conditicn that is favorable
to atmospheric mixing and dispersion.

Conclusion

Wind velocities, flow patterns, and atmospheric~diffusion character—
igstics in the region of the Yucca Mountain site wiil contribute to the. .
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effective dispersiui: of airborne radionuclides. Therefore, the evidence
indicates that this ‘avorable condition is present at Yucca Mountain.

6¢2.104.4 Potentially adverse conditions

(1) Prevailiny meteorological conditions such t!.t radioactive
emissiong from repository operation or closure cuild be prefer-
entially transported toward localities in the v/clnity of the
repository with higher population densities than 1ve the average
for the region.

Evaluation

Because of the sparse distribution of cities and towns in southern
Nevada, establishing a meaningful average population deusity is difficult.
In addition, scme of the small towns close to Yucca Movntain may experience
population increases if the site is selected for develorment as a repository.
For these reasons, it 1s prudent to assess the likelihcod of preferential
atmospheric transport toward the smaller nearby towns as well as the larger
cities in the region. The nearest population center to Yucca Mountain is the
unincorporated Town of Amargosa Valley, whose residents are spread out 1n
numerous small settlements within its estimated 1,036 square kilometers (400
square miles) (Section 3.6.4.1.1). Major population concentrations are
located in the community formerly called Lathrop Wells and now known as
Amargosa Valley, approximately 23 kilometers (l4 miles) to the south; the
Amargosa Farm Area, approximately 37 kilometers (23 miles) to the south; and
the American Borate housing complex roughly 45 kilometers (28 miles) to the
south., Population of these areas in 1984 was estimated to be 45, 1,500, and
280, respectively (Smith and Coogan, 1984). An estimate of the total
population in the unincorporated town is not available (gee Section 3.6.2.2).
The nearest highly populated area to Yucca Mountain is the Las Vegas Valley
with a 1980 population of 443,730 (Clark County Department of Comprehensive
Planning, 1983). It is located approximately 137 kilometers (85 miles) by
air southeast of the site. The town of Beatty, with a population of 800
(Smith and Coogan, 1984), 1s approximately 31 kilometers (19 mileg) by air
west of the site.

Wind speed and direction data have been compiled for the station located
at Yucca Flat for the period 1961-1978 (DOC, 1986). Although these data
reflect terrain influences specific to Yucca Flat, the setting at Yucca
Mountain is similar enough to warrant use of the Yucca Flat data for this
analysis. The general north~south alignment of the basin in which the
repository wouid be located will most likely be the major influence on
surface wind patterns, as 1s the case for Yucca Flat. Winds from the south
dominate the distribution, occurring 14 percent Of the time on an annual
basis. Winds from the north are also quite frequent, occurring just over 11}
percent of the time, again on an annual basis. Seasonally, southerly winds
are most common in the spring and summer months, shifting to & northerly
dominance in fall and winter months. Northwest winds (which would transport
material to the southeast toward Las Vegas) have occurred less than 10
percent of the time on the average. Winds that could transport material to
the west toward Beatty have been observed only 5 percent of the time.
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A 7-year record of upper-air data from Yucca Flat (Quiring, 1968) was
used to further evaivate the meteorological conditions that might transport
airborne radlonuclides toward population centers. Wind-direction data from
two heights, 1,500 e~d 1,800 meters (5,000 and 6,000 feet) above mean sea
level, were used in ¢his assessment. Data from these lerels are considered
to be indicative of aztmospheric-transport winds beyond t!:: Iinfluence of local
terrain features {i1,¢., Yucca Mountain). At 1,500 meter: (5,000 feet), winds
from the entire nortuwest sector (285 to 345°), which ¢ -uld transport air-
borne radionuclides toward the Las Vegas Valley, occurre. only 1l percent of
the time annually. At 1,800 meters (6,000 feet), winds irom the northwest
were observed approximately 10 percent of the time annc:lly. Winds from the
east (which would tranrsport material toward Beatty) occu-red approximately
2 percent of the time at Yucca Flat at both 1,500 and 1,80 meters (5,000 and
6,000 feet). The wind blows toward the south approximately 20 percent of the
time at the 1,500-meter (5,000-foot) level and 14 percent of the time at the
1,800-meter (6,000-~foot) level. , :

Conclusion

Regional meteorological flow patterns will not cause the preferential
transport of airborne radionuclides from the site toward localities with
higher population densities than are the average for the. region. . Therefere,
the evidence indicates that this potentially adverse condition ig not present
at Yucca Mountain.

(2) History of extreme weather phenomena--such as hurricanes,
tornadoes, severe floods, or severe and frequent winter

storms--that could significantly affect repository operation or
closure. :

Evaluation

The severe weather recorded in the area of the Yucca Mountain site
fncludes high winds, thunderstorms, tornadoes, hall, and sandstorms, but
occurrences of these extreme weather phenomena are infrequent. Thunderstorms
occur on 16 percent of the days in July and August, but only occur an average
of 5 percent of the days annually at Yucca Flat (Bowen and Egami, 1983).
Severe thunderstorms create a potential for flash flooding, but they gener-
ally do not last longer than an hour according to Bowen and Egami (1983).
Discussions of the drainage control measures that are expected to provide
adequate protection from flood damage for Yucca Mountain are included in
sectlons 6.3.3.1 and 6.3.3.3. High winds may occur in the area, accompanying
winter storm fronts or thunderstorms. Wind speeds in excess of 100 kilo~
meters (60 miles) per hour can be expected to occur on & 100-year return
period (Quiring, 1968). However, such velocities are not common; monthly
average wind speeds for Yucca Flat do not deviate significantly from the
average annual wind speed. See Section 3.4.3 for further discussion of
weather conditions. Significant lightning strikes have averaged only 18 per
year for the entire State of Nevada (Henz and Pearl, 1981). Tornadoes are
very rare Iin Nevada, with the prg&ability of a tornado striking Yucca
Mountain calculated to be 7.5 x 10 ~ per year or once in 1,333 years (Thom,
1963). Hail with a diameter of 1.9 centimeters (0.75 inch) or larger was
observed on 7 days in Nevada between 1955 and 1967 (Pautz, 1969). Sandstorms
are common in Nevada but rarely severe enough to be expected to affect
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repository operation or closure. The annual average snowfall at Yucca Flat
is 21 centimeters (8.3 inches) (Bowen and Egami, 1983). “The statistical
maximum 24~hour precipitation for 10- and 100-year storms for Yucca Flat is
38 and 57 millimeters (1.50 and 2,25 inches), respectiveiy, (Hershfield,
1961). Quiring (1983) provides more recent data for Yuc.:a Flat on the
24-hour precipitation €or 10~ and 100~year events of 45 and 68 miliimeters
(1.8 and 2.7 inches), respectively. The above frequencieis of occurrence of
severe weather are amung the lowest in the United States (..ershfield, 1961).
Furthermore, the mignitudes of these phenomena are not unu.ually large.

Conclusion

Avallable stazistical summaries reveal that the reglor: surrounding Yucca
Mountain has one of the lowest frequencies of extreme weather in the United
States. Extreme weather phenomena are neither frequent c¢anough nor severe
enough to be expected to significantly affect the safety of repository oper-—
ation or closure. Therefore, the evidence indicates that this potentially
adverse condition is aot present at Yucca Mountain.

i . T .- ‘
P EIN

6.2.1.4.5 Evaluation and conclusion for the qualifying condition on the Bt
meteorology guideline

Evaluation

Records of ‘meteoiological data for Yucca Flat and Beatty, combined with
statistical evaluations of severe-weather phenomena, indicate that' occur-
rences of severe weather are infrequent and would not be expected to signif-
icantly affect repository construction, operation, or closure, Deep
atmospheric mixing in the region will contribute to the effective dispersion
of airborne radionuclides if any are released from the repository. Pre-
valling wind directions are not likely to cause preferential transport of
airborne radionuclides toward regional population centers.  Extreme weather
phenomena are rare in the vicinity of Yucca Mountain, except for occasional
heavy precipitation of short duration that may cause locallized flash flooding
(Section 6.3.3.3). However, standard drainage control measures are con-
sidered adequate to ensure that the public health and safety are protected
and that no radionuclide releases to an unrestricted area greater than those
alldwable under applicable regulations and standards are likely.

Conclusion
‘No: severe meteorological conditions have been recorded or are expected

to occur in the region: that would contribute to radionuclide ‘releases to an
unrestricted area greater than those allowable under regulatory limits. '
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6.2.1.5 Offsite inatallations and operations (10 CFR 960.5~-2-4)

6.2.1.5.1 Introduct'on
The qualifying condi:ion for this guideline is as followt:

The site shall pe located such that present projeci.ul effects from
nearby industr.al, transportation, and military i ..tallations and
operations, ingludlng‘atomic energy defense activ: ies, (1) will
not significantly affect repository siting, cons riction, opera-
tion, closure, or decommissioning or can be accoi.nidated by engi-
neering measuree and (2), when considered together‘with emlissions
from repos’tory operation and closure, will not be iikely to lead
to radionuclide releases to an unrestricted area greater than those
allowable under the requirements speciflied 1in Section
960.5-1(a)(1).

The offsite installations and operations technical guideline is the last
of the four preclosure technical guidelines concerned w!th preclosure radio-
logical safety. The objectives of this guideline are (1) to ensure that the
impacts of any nearby industrial, tramnsportation, military, and atomic energy
defense installations and operations on repository siting, construction,
operation, closure, and decommissioning are adequately considered and (2) to
ensure that any radionuclide emissions from such installations when combined
with preclosure emissions from the repository, would not lead to total radio-
logical exposures in any unrestricted area in excess of regulatory limits.

This guideline consists of one favorable condition, two botentially
adverse conditions, omne disqualifying condition, and one qualifying
condition. The evaluations presented below are summarized in Table 6+6.

t

6.2.1.5.2 Data relevéné CO the evaluation

The installationg and operations adjacent to Yucca Mountain are the
Nevada Test Site (NTS) on the east and the Nellis Alr Force Range (NAFR) to
the northwest. The primary mission of the NTS is the underground testing of
nuclear devices. The size of nuclear tests is currently limited to a maximum
yleld of 150 kilotoms by the Threshold Test Ban Treaty and the Treaty on
Underground Nuclear Explosions for Peaceful Purposes (Vortman, 1979; ERDA,
1977), but the capability to return to larger or former ylelds must be
retalned. The number of announced nuclear tests has been averaging about
20 per year and 1s expected to remain at that level for the foreseeable
future (DOE/NVO, 1983b). At present, tests are conducted at Yucca Flat,
Rainier Mesa, and Pahute Mesa (Figure 6~1). The size of tests 1s restricted
by the potential for damage to offsite facilities from ground motion; Yucca
Flat has a yield limit of about 250 kilotons and Pahute Mesa has a
1,400-kiloton limit (Vortman, 1979). Both of these limits are well above the
current yleld limits specified by treaty. The Buckboard area, a past area of
testing that may be used again, has a 700-kiloton yield limit (Vortman,
1979). The yield limit for Mid Valley, a future potential Cest area, is
likely to be similar to that for Yucca Flat. \
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Table 6—6. Summary of analyses for Section 6.2.1.53 offsite installations and operations
(10 nmwmwoo.MwNwav
Conditien Department of Energy (DOE) finding

FAVORABLE CONDITION

Absence of concributing radioactive releases from
other nuclear installations and operations that
must be considered under the requirements of 40
CFR Part 191, Subpart A.

The evidence jndicztes that this favorable condition’

is preseat at Yucca Mountain: there are no nuclear
i{installations OTr operations regulated by 40 CFR
pPart 191 in the region.

POTENTIALLY ADVERSE CONDITIONS

(1) The presence of nearby potentially hazardous
i{nstallations of operations that could
adversely affect repository operation or
closure.

(2) Presence of other nuclear installations and
operations subject to the requirements of 40
CFR Part *90 or 40 CFR Part 191, Subpart A,
«:ith actual or vHOumonma releases near the
paximum value permissible under those

standards.

The evidence indicates that this potentially adverse.

condition is present at Yucca Mountain: the. poten~
tial exists for short-term interruptions of
repository activities due to weapons tests and the
remote vomm»wwwwn% of interruptions orT releases
caused by an aircraft crash.

The evidence indicates that this vonmnwwmwww adverse

condition is mnot present at Yucca Mountain: there

are no nuclear jnstallatioms_oOT operations nmmcwmnma;

by 40 CFR Part 190 or 40 CFR Part 191 in the-area.
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Table 6-6., Summary of analyses for Sectionm 6.2.1.5; offsite installations and ovmmmw»oam
(10 CFR 960.5~2-4) (continued)™

Condition Department of Energy (DOE) finding

QUALIFYING CONDITION
The s:.. sb2'l be located such that present pro—-
jected eftects from nearby industrial, transporta-—
tion, and military installations and operations,
including atomic energy defense activities,
(1) will not significantly affect repository
siting, comstruction, operation, closure, or
decommissioning, or can be accommodated by
engineering measures and (2), when considered
together with emissions from repository opera-
tion and closure, will not be likely to lead
to radionuclide releases to an unrestricted

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): the potential for short-term
interruption of repository activities by weapons
tests is not expected to significantly affect :
repository siting, censtruction, operation, closure,
or decommissioning; releases from underground
weapons testing when considered with potential
repository emissions, will not be likely to exceed
limits for radionuclide releases to unrestricted
areas.

area greater than those allowable under the
requirements specified in Section 960.5-1(a)(1l).
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Underground nuclear explosions generate seismic energy; the resuiting
ground motion is simil.r to that generated by natural earthquakes, The
ground motion produced .y underground nuclear explosions hias been extensively
investigated (ERC, 1974; Vortman, 1979, 1980, 1982, 1983; Vortman 'and Long
1982a,b). Because of & concern about offsite damage, equztions have been
developed to predict zvound motion from underground nucler: explosions at
Pahute Mesa and Yucca ‘lat, where nuclear tests are routinciy conducted (ERC,
1974). These test arcas are 40 to 50 kilometers (24 to 3 mliles) north and
east of Yucca Mountain.

Data from undergronnd nuclear tests conducted since 1%71 indicate that
the major portion of rauiloactive emissions from undergroun’ nuclear tests are
contained (ERDA, 1:77). Onsite sampling for airborne trirism and noble gases
shows that the average concentrations of tritium and xenon-133 are slightly
higher than aunbient offsite levels (Scoggins, 1983). The tritium enters ‘the
atmosphere by evaporation from soil moisture in and around past experimental
areas, from holding ponds that recelve water drained from tunnel areas, and
from gas seepage., Xenon-133 may be released in small quantities as it seeps
upward to the surface from underground detcnation points. Postshot reentry
drilling operations may release small quantities of radiosctive noble gasds.
However, for four out of the last five l~year reporting periods, no detect-~
able levels of radioactivity from the underground nucleav-test program were
observed by any of the monitoring networks located off the NTS (see dis-
cusgslion under the first potentially adverse conditiom). The  radiological
background information is reviewed in Section 3.4.7.

Available data describe upper limits to the radiation doses that
accldents at the repository might cause. The potential worst-case accidental
radlation dose for the public residing within 80 kilometers (50 miles) of the
repository site and the worst-case dose commitment for repository personnel
have been estimated (Jackson et al., 1984).

The Nevada Research and Development Area, adjacent to the eastern side
of Yucca Mountain, is currvently belng used for research programs. A program
that was evaluated for potentlal impact on repository construction and oper-
ation activities is being conducted at the Engine Malntenance, Assembly, and
Disassembly facility (E~MAD). There dre 17 spent nuclear fuel assemblies at
the E-MAD facility which were used for tests and demonstrations that
commenced in 1978. These assembllies are scheduled for removal in May and
June of 1986, A detailed safety assessment was issued (DOE/NVO, 1978)
identifying the engineered safety features, procedures, and site charac~-
teristics that (1) prevent the occurrence of potential accidents, or
(2) ensure that the consequences of postulated accidents are either insig-
nificant or adequately mitigated. Evaluations were made of the radiologlcal
impacts of normal operations, abnormal operations, and postulated accidents
at the E-MAD facility. Analyses were also performed to determine the effects
on nuclear criticality safety of the postulated accidents and credible
natural phenomena. In the unlikely‘event of the postulated worst-case fuel-
handling accident, the maximum total radiation exposure at the NTS boundary
was estimated to be less than 0.001 rem, For comparison, this is well below
the whole~body radiation dose limit in unrestricted areas of 0 5 rem per year
prescribed by 10 CFR Parﬁ 20 (1984)
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A commerclal low~level waste burlal site is located about 3] kilometers
(19 miles) west of Yucca Mountain near Beatty. Radiation monitoring is
conducted continuous:y at this site by the U.S. Environmental Protection
Agency (Black et al., 1983).

The NAFR 1is used primarily for aerial bombing and geanery practice. The
Tonopah Test Range, .n area of 1,615 square kilometers {(:(0) square miles) in
the northwestaern pairi of the NAFR, 1s used by the DOE y-imarily for ailrdrop
tests of ballistic shapes (ERDA, 1975). The portion o the range in the
immediate vicinity of Yucca Mountain is used only f£ar overflights and
provides air access to the northwestern part of the ra go.

The DOE, through negotiations with the U.S8 Ailr Furce (USAF), has
established operatlonal restrictions for flights through the air apace
controlled by the DOE over the NTS. Two small flight corridors were
designated in the vicinity of Yucca Mountain., They are R4808W and R4808E.
The proposed surface facilities complex will be located within the R4808W
corridor. The proposed subsurfece facilities will be located adjacent to the
west side of the R4EOBW corridor. Currently RAS08E is izenerally closed to
all military aircraft, while R4808W 1s open to military alrcraft upon.
request. The DOE 18 interacting with the U.S. Air Force (USAP) to address
and resolve all councerns of potential repository impacts on USAF operations
in the area. The DOE policy is not to restrict the flight requirements of
the USAF operations.

Assumptions and data uncertainties

It 1is possible that future underground nuclear tests will be conducted
on the NTS at locations other :than Pahute Mesa, Rainier Mesa, and:Yucca Flat.
Two possible locations that have been ildentified are the Buckboard area,
which 18 23 to 37 kilometers (14 to 23 miles) from Yucca Mountain, and Mid
Valley, which is 25 to 30 kilometers (16 to 19 miles) from Yucca Mountain.
Vortman (1980) indicated that a given size underground nuclear test in the
Buckboard area would produce about the same ground motion as would result
from a test of the same size on Pahute Mesa because the rock properties that
control ground motion are similar at the two locatlions. However, the ground
motion that would result at Yucca Mountain from Buckboard area tests would be
greater than tha® from tests at Pahute Mesa because the Buckboard area is
closer to Yucca Mountain. Mid Valley and Yucca Flat are also likely. to
produce about the same ground motion from tests the same size. Similarly,
tests conducted at Mid valley would produce greater ground motion at Yucca
Mountain than would ‘be caused by tests of the same size at Yucca Flat because
Mid Valley is closer to Yucca Mountain.

No new industrial or defense-~related activities are planned in the
vicinity of Yucca Mountain. The USAF is currently evaluating potential
locations for deployment of small intercontinental ballistic missiles, in
response to the recommendations of the President's Commission on Strategic
Forces. Three modes of deployment are belng considered: hard silos, hard
mobile launchers with random movement, and hard mobile launchers in a
confined area at existing minutemen complexes. The USAF is examining 51
sites in 14 states. Twenty~two of these sites are being considered for hard
mobile launchers with random movement, six for mobile launchers in a confined
area, and some sites of these two alternatives plus the remaining twenty-four
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sites are being consider«d for hard silo deployment. The NTS is one of the
sites currently under p-eliminary consideration for hard wcbile lauvncher
deployment. The USAF is presently evaluating that land ares avallable at the
Nevada Test Site for demloyment of hardened mobile launchers that will not
conflict with existing facilities or approved missions. Pourantial conflicts
have been identified by the DOE and include: a mission confllct with nuclear
testing and the DOE requirement to ensure availability of tast real estate
indefinitely; a mission conflict with future Strategic Des-nse Tnitiatives
research and development; and severe administrative conflinrts on safety,
security, scheduling of nuclear tests, communications, al s:ace restrictions,
resources, housing, transportation, and environmental isrvos. Additional
information on the USAF site evaluation process ie not exprcted until early
1986. At present, the limited amount of information available on which areas
will be selectzd, the sites within those areas, and the extent of the land
requirements required to support deployment make it impossible to evaluato
impacts at this time.

6.2.1.5.3 Favorable condition

Absence of contributing radioactive releases from other nuclear

installations and operations that must be considered under the
requirements of 40 CFR 191, Subpaft A. RS

Evaluation

Subpart A of 40 CFR Part 191 (1985) applies to radiation doses received
by members of the public as a result of the management (except for trans-
portation) and storage of spent nuclear fuel and high-level radioactive
waste. The nuclear activities at {he NTS are not controlled hy. Subpart A of
40 CFR Part 191 (1985).

gonclusion

No nearby nuclear iastallations or operations regulated by Subpari A of
40 CFR Part 191 (1985) exist in the region surrounding the Yucca Mountain
site. ' Therefore, the evidence indicates that this favorable condition is
present at Yucca Mountain.

6.2.1.5.4 Potentlally adverse conditions

(i) The presence of nearby potentially hazardous installations or
operations that could adversely affect repository operation or
closure,

Evaluat{gg

The portion of the Nellis Alr Force Range (NAFR) near Yucca Mountain is
used for military-aircraft flights to and from target areas, although this
portion of the NAFR is not a target area. If a repository is built at Yucca
Mountain, there may be low-altitude overflights by U,S. Air Force (USAF) air-
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craft of trailns trarvsporting casks of waste on the proposed raill-spur access
route to the site. The effect on a repository of overflights would be
increased noise lev»ls and a remote chance of an airplene crash at the site.
The U.S. Departmen* of Energy (DOE), through discussine with the USAF is
evaluating the poteantial for possible conflicts betwee: USAF and repository
operations, includiag access routes. No irreconcilabl: wonflicts have been
identified in thes: discussions and a variety of optic » for minimizing con-
flicts have been discussed for consideration {f furthe. study indicates such
actions are required.

The Nevada Reseirch and Development Area adjaceni o> the eagteru slde of
Yucca Mountain, 18 currently being usad for research prizrams. There are 17
spent fuel assemblies at the Englne Maintenance, Assembly, and Disassembly
(E~MAD) facility; they have been used for tests and dewcnstrations that began
in 1978, %hese assemblies are scheduled for removal in HMay/June of 1986. A
detailed safety assessment was issued (DOE/NVO, 1978) ¢valuating the radio-
logical impacts of normal operations, abnormal operations, and postulated
accidents at the E-MAD facility. Analyses were also parformed to determine
the effects on nuclear criticality safety of the postulated accidents and
credible natural phenomena. 1In the unlikely event of the postulated worse-
case fuel handling accident, the maximum total radiation exposure at the
Nevada Test Site boundary was estimated to be less than 0.00l rem.

The primary mission of the NTS is the underground testing of nuclear
weapons. The activities and conditions under which radionuclide releases
could occur are described in the the Final Environmental Impact Statement,
Nevada Test Site, Nye County, Nevada (ERDA, 1977). Releases from these
nuclear activities are governed by DOE Order 5480.1, which include the DOE
requirements for radiation protection (DOE, 1980a). Underground repository
activities may be temporarily suspended during a nuclear test. This action
would be taken as a special precaution for certain underground tests depend-
ing on their locatlon in relation to the repository. Because the DOE
exercises control over the schedule of activities at the NTS, compatible
arrangements for nuclear testing and repository constructlion-operation
activities can be made., The current policy of the DOE Nevada Operations
Office requires the removal of workers from underground mines within about
80 kilometers (50 miles) of an underground test of approximately 80 kilotons
or larger (Vortman, 1980). The removal of workers from the underground
facility would be a standard industrial practice to guarantee the safety of
workers. Other preparations might include the purging of contaminated
hot-cell atmospheres or the securing of waste disposal containers and spent
fuel assemblies. Plans for the evacuation of facilities that are judged to
be particularly hazardous could also be developed,

The Environmental Protection Agency conducts an Offsite Radiological
Safety Program, which includes monitoring of the NTS. This program uses
several monltoring networks for measuring radloactivity and radiation levels
in the site environs. Radiation from the underground testing at the NTS is
not expected to endanger repository-worker safety or adversely affect
repository activities. On very infrequent occasions, underground nuclear
explosions at the NTS release small amounts of radioactivity to the atmos~
phere. Data for airborne radionuclides from the NTS detected off the site
from 1974 through 1983 are provided in Table 6~7. As shown in Table 6-7, no
detectable levels of radioactivity from the underground tests were observed
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Table 6-7. Airborne radionuclides from the Nevada Test fite

detected off the site, 1974 through 1983

Highast
calct Lated
ind tdual Population
Station a Radionuclides wholer. ¢y dose dose” .
Year Detecting Radionuclides detected (ricrorvem) (man-rem)
19710d Beatty.* Diablo, Indian Xe-133 0.003
Sp ~ings
1975  Beatty," Diablo, iko, Xe~133, Kr-85, 241 0.00065
Indian Springa, H=3 B
Las Vagps
1976 Death Valley Junctfon” He3 1.3 0.00078
. R o
19778 Beatty, ..Diablo, Hiko, Xa-133 2.5 . 0.0013.
Las Vegas, Tonopah - o
1978"  Diable, Indian'Springs" © Xe-133, H-3 6.2 0.0087
1979 None . None -0 S0
19807 Lathrop Wells" Xe-133, Xe-135 1 0.00072 . .
(Amargosa Valley)
1981  None ' None 0 0
19821 None None 0. 0
1983®  None None 0 0

8A11 communities in Nevada., Those communities marked with an asterisk (*) are
withén 80 km (50 miles) of tha proposed rapoeitory surface facilities complex.

Dose calculated from the largast amount detected (not necessarily within the
80~km (50-pile) radius. For perspective, the largest dose listed (11.0 microvem or
11.0 x 10 ~ vem) is only 0.005 percent of the average arnual dose an individual 1in
this area receives from naturally occurring internal and external radiation and
0.001 percent of tha Nuclear Regulatory Commission radiation protection astandard of
0.5 Lem per year (10 CFR Part 20, 1984),

Population dose calculated using the radionuclida detected and the population
within the 80-km (50~mile) circle. The population dose, sometimes referred to as
collective dose, 1s simply a summation of the doses received by individuals in an
exposed population. For example, if each member of a populatioi of 100 individuals
received a dose of 0.1 rem, the population dose would be 10 wan-rem. These popula-
tion doses are extremely small compared with the annual population dose of 400 man-
rem from naturally occurring radiation received by the 4,600 people living within
chevarea analyzed (Pstzar et al., 1984),

JData from EPA (1975).
fpa;a from E3A>(1976).
Data Erom EPA (1977).
Bpata £rom Grosaman (1978),
?o.ta from Crodeman’ (1979) ~ -
‘jbatd'fronxponuat?at al. ((1980). -
Dats from: Smith;etial. (1981),. .
jPata fram Black. et al. (1982).
Data from Black et al. (1983),
"pata from Pdtzer et al.:(1984).

641



outside the NTS bloundaries during four of the past five l-year monitoring
periods. Section ".4.,7.2 presents discussions of dose assessments for a
hypothetical individual at the NTS boundary, and shows that assuming this
individual receiver a l-year intake of air and water with radionuclide
concentiations meacrured on the site, the dose represents less than

0.5 percent increase over natural background for total redy and lungs, and
less than 1.5 perceat increase for bone, Regulations ¢ur the containment of
radiation from unde rground nuclear tests are very stri: .ent (ERDA, 1977).

If a repository is bullt at Yucca Mountain, it m.ei be built to with-
stand the ground motion from natural earthquakes and {.«m underground nuclear
explosions. It shou'd be recognized that explosion-ind.ced aftershocks are
generally confined to within 14 kilometers (8.7 miles) of the site of
explosion (Hamilton et al., 1971). An acceleration-pradiction equation has
been developed on the basis of experimental data from 2! tests at Pahute Mesa
(Vortman, 1980). The equation predicts that the mean peak vector ground
acceleration at Yucca Mountain from underground nuclear explosions at the
maximum allowable yleld (based on offsite damage restrictions) would be
0.061g, resulting from a 700-kiloton test at the Buckbourd area. The mean
ground acceleration plus 3 standard deviations (99 percent of all probable
values) is 0.32g, based on the preceding value of predicted mean peak vector
ground acceleration. This is a more conservative approach than that used
for nuclear-reactor siting, which requires only mean ground acceleration
plus 1 standard deviation (68 percent of all probable values) (Vortman,
1980).

A worst-case repository accident scenario resulting from an underground
nuclear explosion considered by Jackson et al. (1984) estimates the conse-
quences of a surface acceleration of 0.32g at the repository site. The
scenario included an assumption that the acceleration was accompanied by
several unlikely failures in the repository surface facilties. It assumed
that, through human error, the hot-cell atmosphere had not been purged, an
electrical failure occurred, and pressure regulation in the hot cell was
lost. The hot-cell seals were assumed to fail, and scale from fuel rods and
fisgion gases were assumed to be released into the waste-preparation
facility. The contaminated air was assumed to eventually be vented through s
roughing filter and two banks of high~efficlency particulate air filters to
the stack The probability of this event was calculated to be less than
1.0 x 10 ~ per year. Calculations for the maximum 1q§§vidual 50-year total-
body dose commitment for this scenario give 2.4 x 10 ~ rem at a postulated
exclusion boundary about 4 kilometers (2.5 miles) from the facility. For
comparison, the individual whole-body dose limit for normal operations in
unrestricted areas is 0.5 rem per year (10 CFR Part 20, 1984). The general
population, conservatively estimated for this evaluation at 19,908 within
80 ki%ometers (50 miles) of the potential repository site, would receive 3.1
x 10~ man-rem. These upper limits to doses caused by the surface accelera-
tion and multiple failures are much smaller than doses ftrom natural back-
ground. Natural background sources contribute an individual total-body
equivalent dose of 0.09 rem per year and an annual external whole-body
population dose commitment of about 1,790 man-rem to the same 19,908 people
(Jackson et al., 1984). The population within 80 kilometers (50 miles) of
the repository was conservatively estimated by identifying the counties
within an 80-kilometer (50-mile) radius of the proposed repository, and
dividing the 1980 county population by the county area to obtain the
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population density (see Section 6.2.1.2). If population centers (i.e.,
cities or uniucorpcrated places) are accounted for, the populstion within
80 kilometers (50 wiles) of the proposed repository is estimated to be 11,674
(Morales, 1985).

Calculations f{or the worker dose commitments frow this same accident
(Jackson et al., 1¢84) indicate that the total-body 50 -year dose commitment
received by an ind.vidual worker would be 0.37 rem. W .:le-body occupational
dose limits for individual workers for routine operat.ii.ns in 10 CFR Part 20
(1984) are 5 rem per year or 3 rem per quarter. The wrole~body equivalent
dose received by an individual worker from backgrounc nources 1s about 0.09
rem per year.

Conclusion

Preseut or projected activities on the NTS and the NAFR should have no
significant adverse impacts on a repository at Yucca Mountain. There is a
very remote possibility of a radicactive release caused by the crash of a
military aircraft from Nellis Air Force Range. The Nevada Test Site could,
however, adversely affect the repository in two minor ways. The removal of
workers from the underground portion of the repository during certain nuclear
tests will cause a minor disruption in repository activities. There 18 also
a very unlikely possibility that an undergiround nuclear test at the NTS could
release sufficient radioactivity to the atmosphere to affect repository
activities. Therefore, the evidence indicates that this potentially adverse
condition is present at Yucca Mountain.

(2) Presence of other nuclear installations and operations,
gubject to the requirements of 40 CFR Part 190 or 40 CFR 191,
Subpart A, with actual or projected releases near the maximum
value permissible under thosa standards. .

Evaluation

The provisions of 40 CFR Part 190 (1982) apply to radiation doses
received by members of the public and to radioactive materials introduced
into the general environment as a result of operations which are a part of
the nuclear fuel cycle. The nuclear fuel cycle operations covered by
40 CFR 190 (1982) are those assoclated with the nuclear generation of elec~
trical power for public use but does not include operations at a waste
disposal site. Subpart A of 40 CFR Part 191 (1985) applies to radiation
doses received by members of the public as a result of the management (except
for transportation) and storage of spent nuclear fuel and high-level radio-
active waste, to the extent that these operations are not subject to the
provisions of 40 CFR Part 190 (1982).

Neither regulation .applies to the nuclear-weapons testing at the NIS or
to the low-level radioactive waste disposal site near Beatty, 31 kilometers
(19 miles) west of Yucca Mountain.

Conclusion
There are no nuclear.installations or nperations in the .vicinity of: the

Yucca Mountain site with:-potential relecases governed by 40 CFR .Part.:190.
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(1982) or 40 CFR 1%1, Subpart A (1985). Therefore, the evidence indicates
that this potentla.ly adverse condition is not present at Yucca Mountain.

6.2+1.5.5 Disqualifying condition

A site shall he disqualified if atomic energy defe.ige activities 1n
proximity tc ihe site are expected to conflict irisconcilably with
repository siing, constructlon, operation, clo&' 3, or decommig~: -
sioqigg. i

Pvaluation

The Yucca Mountuin site 1s over 40 kilometers (2% miles) from the
nearest area pr.sgently usged for underground nuclear detonations. Potential
areas for future underground nuclear testing that are cioser to the Yucca
Mountain sice are shown 1n Figure 6-1, and none are closer than approximately
23 kilometers (14 miles). The Yucca Mountain site is not in an area where
surface activities are - normally suspended and individnals removed as a
routine preacautiorary measure duriug underground testing activitiszs 2lsewhere
at the Nevada Test Site (NTS). However, the current policy of the U.S.
Department of Energy Nevada Operations Office requires the removal of workers
from underground mines’ within about 80 kilometers (50 miles) of an under=-
ground test of approximately 80 kilotons or larger (Vortman, 1980) aund for
certain other tests i{f there is larger than normal uncertainty in the effects
of the detonation. Such a pollicy would have an effect during the g8iting,
construction, operation, closure, and decommissioning of the repository.

Extensive studies of ground motion induced by underground nuclear explo-
sions have been used 'to'-investigate the potential conflict between atomic
energy defense activities and 4 repository at Yucca Mountain. Fourteen mines
within 50 kilometers (31 miles) of :the NTS boundaries have been under sur-
veillance by the U.S. Bureau of Mines to determine the nature and the extent
of damage from ground motion induced by underground nuclear tests. No damage
Lo offsite mines had been reported through 1977 (ERDA, 1977), and more recent
finformation is not available. o

A nuclear test at Rainier Mesa Iin February 1984 resulted ‘in an unexs
pected subsidence crater on the surface, causing injurles and one fatality.
The nuclear device had been exploded at about 360 meters (1,184 feet) below
the surface (DOE/NVO, 1984), and the persons injured were invelved 1n post-
shot activities only 26 meters (85 feet) from the point on the surface that
was directly above ‘the explosion. Surface cratering occurs dabove some under~
ground nuclear tests. All known effects, such as fractures, have been  very
close to the site of the explésion. Ninety-five percent of the, after-shocks
at Pahute Mesa have been found to be within 14 kilometers (8.7 miles) of the
explosion site (ERDA, 1977). The Yucca Mountain site is sufficiently distant
from present or potential underground test locations that collapse ‘or
formation of fractures 1is highly unlikely. :

In an analysis of the compatibility of a repository at the Yucca
Mountain site and the weapons-testing program with respect to ground motion,
Vortman (1982) summarized the following significant differences between
ground wotion from weapons:tests and natural earthquakes: (1) the timing of
weapons tests 'is known iand: :controlled; (2) the seismic-source location for:a

v
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weapons test 1s known; (3) a conservative upper limit on the expected
explosion energy iv available; and (4) an experienced test organization
controls the safety ~spects of weapons tests. Standard operating practices

should be able to en:ure personnel safety and protect surface and wnderground
faclilities.

Using an emplrical relationship developed on the ba+is of ground motion
studies from past w: ipons tests, Vortman (1982) investi, nted potential con~
flicts with respect <o induced ground motion between the irderground weapons-
testing program and a geologic repository at Yucca Moiratain. His results
show that 1f a repository was designed for a 0.75g grou d acceleration, then
it could be built as close as 6.3 kilometers (3.9 mile=" to a 700-kiloton
nuclear detonation. Tie closest location at the NTS with a potential for a
700-kiloton detoration 18 the Buckboard area, and it 1s 23 kilometers
(14 miles) from the Yucca Mountain site, more than 3 times farther than the
6.3 kilometers (3.9 miles) calculated by Vortman (1982). Ground motion from
aftershocks that follow large nuclear tests has also been considered and
should not cause additional problems; as noted above, 95 percent of the
stimulated earthquake activity 1s confined to within 14 kilometers
(8.7 miles) of the detonation point. Aftershocks fall off to the background
level within a period of several weeks, and the strongest aftershock 1s
usually at least 2 magnitude units (on a logarithmic scale) less than the
explosion (ERDA, 1977).

A repository at the Yucca Mountain site can be designed and constructed
using avallable technology to withstand the maximum credible predicted ground
motion, whether natural or induced (see discussion in Section 6.3.3.4.5).
Using the empirical equation from Vortman (1980), the predicted mean peak
vector ground acceleration at Yucca Mountain from underground nuclear
explosions at the maximum allowable ylelds, based on offsite damage restric-
tions, 1s calculated to be 0.06lg. Using a very counservative :design
criterion of three standard deviations, or 99 percent of all probable values,
the mean peak vector ground acceleration for Yucca Mountain 1s calculated to
be 0.32g. The ylelds used for this calculation are well above the
150-kiloton limit currently allowed by the Threshold Test Ban Treaty. The
suspension of certain activities at the repository site can be planned as a
standard operating procedure. Thesec suspensions will be infrequent and of
short duration; they will not have significaent adverse effects on any phase
of repository activities.

No detectable levels of radioactivity from the underground testing
program were observed outside the NTS boundaries during four of the past five
l-year reporting periods for which data have been compiled (see Table 6-7).
Current radiation-containment and safety measures are more stringent than in
the past, and the possibility of substantial releases of radioactivity to the
atmosphere in the future is considered very small (ERDA, 1977). :Radio-
activity attributable to the resugpension of dust particles in thesair from
contaminatéd areas at the NTS hds never been :detected off the site (ERDA,

Conclusion

‘All potential impacts: from atomic energy defense‘activitiésuoccurring
elsewhere . at ‘the NTS can be accommodated by caveful facility design: and:

1
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congtruction and through the compatible scheduling of repository operations
and nuclear weapons testing activities. Consequently, atomic erergy defense
activities ip proximity to the site are not expected to conflict irrecon-
cilably with repository siting, construction, operation, closure, and
decommissioning. Therefore, the evidence does not suppurt a finding that the
Yucca Mountain site is disqualified (level 1).

6.2+1.5.6 Evaluat.on and conclusion for the qualifyin. condition omn the
offsite installations and operations guidel..e

Evaluation

A repository at Yucca Mountain will be designed ané constructed to with-
stand the ground motion predicted from nuclear-weapons iLesting at the Nevada
Test Site (NTS) and from natural earthquakes. The design of earthquake~
resistant struciures will incorporate engineering experience and consider the
maximum potential ground motion. There were no radionuclide releases from
the NTS detected off the site during four of the past five l-year monitoring
periods. This information, combined with estimates of vadionuclide releases
from worst-case accident scenarios, provides confidence that radionuclide
releases to an unrestricted area will not exceed allowable limits. Two or
three nuclear tests per year may require temporary suspension of repository
activities, usually not exceeding 12 hours. The portion of Nellis Air Force
Range near Yucca Mountain is used only for military-aircraft overflights.
These over-flights will increase noise in the area, and there is an extremely
remote chance that an airplane might crash in the vicinity of the 815?6 the
probability of such & orash has been estimated at less than 2.0 x 10 per
year (Jackson et al., 1984).

Releases during normal repository operation are discussed in Section
6.4.1. The estimated annual dose equivalent due to normal releases would be
approximately 2 percent of background. The estimated worst-case accidental
radionuclide release from the repository results from an aircraft 1mpg§t
accldent, which causes a maximum individggl total~body dose of 5.5 x 10 rem
or a 50~year dose commitment of 6.8 x 10 “ rem (chkson et al., 1984). This
accident has a very low risk (less than 2.2 x 10 ° man-rem per year) because
the probg?élity of occurrence of this accident 1s extremely small, less than
2,0 x 10 per year. 1f the dose from this very unlikely scenario is con-
sidered together with the maximum dose calculated for releases detected off
the site from 1974 to 1983 (il microrem in 1980), the maximum possible total-
body dose would lucrease by only 0.02 percent, not enough to cause regulatory
1imits to be exceeded.

Conclusion

Nearby industrial and military installations and operations will not
significantly affect a potential repository at Yucca Mountain during siting,
construction, operation, closure, or decommissioning. Possible short-term
interruption of activities at a repository due to weapons tests 1s not con-
sidered a significant effect. Any potential emissions during construction,
operation, closure, and decommissioning in combination with those that might
occur from activities at the NTS will not lead to radionuclide releases to an
unrestricted area greater than allowable under present regulations. This is
true for both normal repository operation and for worst-case accident

L :
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scenarios. Therefore, on the basis of the above evaluaticn, the evidence
does not support a firding that the site is not likely to meet the gqualifying
condition for offsite installations and operations (levei 3).

6.2.1.6 Environmental quality (10 CFR 960.5-2~5)

6.2.1.6.1 1Introduction
The qualifying condition for this guideline 1s as fi:llows:

The site shall be located such that (1) the quality of the environ-
ment in the aifected area during this and future generations will
be adequately protected during repository siting, construction,
operation, closure, and decommissioning, and projected environ-
mental impacts in the affected area can be mitigated to an
acceptable degree, taking into account programmatic, technical,
soclal, economic, and environmental factors; and (2) the
requirements specified in Section 960.5-1(a)(2), can be met.

The preclosure environmental-quality technical guideline is concerned
with ensuring that the quality of the natural and human environment will be
protected throughout all stages of the geologic-repository program and that
the projected impacts can be mitigated to an acceptable degree.

The guideline contains two favorable conditions, six potentially adverse
conditions, three disqualifying conditions, and one qualifying condition.
The evaluations presented below are summarized in Table 6-8.

6.2.1.6.2 Data relevant to the evaluation

The following information was used to evaluate the Yucca Mountain site
against the guideline on environmental quality: (1) published reports
describing the archaeology, blology, hydrology, meteorology, and radiology of
the Yucca Mountain sarea (see Chapter 3); (2) a preliminary investigation of
the regulatory requirements that could apply to a repository at Yucca
Mountain (see favorable condition 1); (3) a variety of land-status maps
published by the State of Nevada and by the Bureau of Land Management (see
potentially adverse condition 2); and (4) the results of analyses in chapters
4 and 5 that describe the expected near- and long-term environmental con-
sequences of repository siting, construction, operation, closure, and
decommisgsioning at Yucca Mountain.

Table 6~9 presents a preliminary list of the Federal regulatory require-
ments that may apply to repository siting, construction, operation, closure,
and decommissioning at Yucca Mountain.

Table 6~10 lists State environmental regulatory requirements. There are
no applicable local environmental requirements. The U.S. Department of
Energy (DOE) intends to comply with all State and local environmental
requirements not inconsistent with its responsibilities under the Nuclear

6~47

g poos8 0570



8Y-9

Table 6-8. Summary of analyses for Section 6.2.1.6; environmental quality (10 CFR 960.5-2-5)

Condition

Department of Energy (DOE) fianding

(17

(2)

(1)

(2)

; FAVORABLE CONDITIONS

rr._zcred g4pility to meetr, within time con-
strazincs, all Federal, State, and local
procedural and substantive snvironmental
requirements applicable to the site and the
activities proposed to take place thereon.

Potential significant adverse environmental
impacts to present and future generations
can be mitigated to an insignificant level
through the application of reasonable
measures, taking into account technical,
social, ecenomic, and environmental factors.

_arm evidence indicates that’ ndwm mm<onm¢~m ooam»anS»
is présent at Yucca KOd:dmw:A no problems are ex—" =

pected in siting, construeting, operating, closing,
and decommissioning the repository in ‘compliance . . .
with applicable environmental requirements. .

The evidence indicates that this favorable condition .

is present at Yucca Mountain: potential impacts are:
not expected to be significant; mitigation measures .

can be taken to further reduce those adverse impacts
that may result from siting, constructing, opera-
ting, closing, and decommissioning a repository at
Yucca Mountain. ;

POTENTIALLY ADVERSE CONDITIONS

Projected major conflict with applicable
Federal, Gtate, or local eaviroomental
rsguirements.

Projected significant adverse environmental
impacts that camnot be avoided or mitigated.

The evidence indicates that this wonm:nHNHH% mmcmhwm
condition is not preseut at Yucca Mountain: no . :
major conflicts with mNHmnmnm requirements have umma
wmm:nhmwm&.

The evidence indicates that this potentially adverse
condition is not preseant at Yucca Mountain:
potential impacts are not expected to be signifi-
cant; mitigation measures can be taken to further
reduce those adverse impacts that may result from
siting, constructing, operating, closing, and
decommissioning a repository at Yucca Mountain.
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Summary of analyses for Section 6.2.1.6;

environmental quality (10 CFR 960.5-2-5) (continued)

Condition

Department of Energy (DOE) finding

{(3) Proximity to, or projected significant adverse
=nvivoamental! impacts of the repository or 1its
w2 o ae faviiiticss on a compoment of the
Nactiona: Park System, the National Wildlife
Refuge System, the National Wild and Scenic
Rivers System, the National Wildermess
Preservation System, or Natiomal PForest Land.

(4) Proximity to, and projected significant
adverse environmental impacts of the
repository or its support facilities on a
significant State or regional protected
resource areaz, such as a State park, a
wildlife area, or a historical area.

(5) Proximity to, and projected significant
adverse environmental impacts of the
repository and its support facilities on
a significant Native American resource,
such as a mzior Indian religious site,
or .rher sites of unique cultural interest.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: the
proposed rail line within a few miles of the Desert
Natiomal Wildiife Range is not expected to have an
adverse effect on animals or people on the range;
there are no other federally protected Hm:mm that
could be significantly affected.

The evidence iandicates that this potentially adverse
condition is not present at Yucca Mountain: a
proposed ralil line may pass about 2 kilometers

(1 mile) north of a State park, but noisé 'is not
expected to exceed EPA limits; no other: wmmoannm
area-is affected.

The ‘evidence indicates that this monmanvmwﬂw mm<mﬁmm
condition is not present ‘at Yucca Mouiitain:: few
archaeological or historical sites may Vm dffected
during construction, but sites that could be dis~’
turbed wiil be excavated, and artifacts will be .
collecred and (or) catalogued.
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Table 6-8. Summary of analyses for Section 6.2.1.6; environmental quality (10 CFR 960.5-2-5) (continued)

Condition

Department of Energy (DCE) finding

B e

£ Tz zo of ¢ritical habitats for threatened
or emda.,cved species that may be compromised
by the repository or its support facilities.

y

QUALIFYING

The site shall be located such that (1) the qual-
ity of the enviromment in the affected -area during
this and future generations will be adequately
grstcer=d during repository siting, cenmstruction,
operation, clesure, and decommissioning, and pro-
jected environment:i impacts im the affected area
can be mitigated to an aceceptable degree, taking
into account programmatic, techmical, social,
economic, and environmental factors; and (2) the
requirements specified in Section 960.5-1(a)(2)
can be met.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain because
no listed threatened or endangered species occur in
the study area. The repository and support facili-
ties are not expected to have significant adverse
impact on the two species under review as threatened
or endangered or on the State-protected species.

The nearest endangered species are pupfish that
occur in Ash Meadows 40 kilometers (25 miles) south
of the site: their habitat is protected by land-use
restrictions, and is located in a different ground-
water basin.

CONDITICN

Existing information does not support a finding-that

the site is not likely to meet the qualifying condi-
tion (level 3): no projected significant impacts
have been identified, and there is no reasom to
expect that applicable environmental requirements
cannot be met by designs and procedures during
siting, constructing, operating, closing, and decom-
missioning of a repository at Yucca Mountain. Hrm
public and the environment are expected to be
adequately protected from the hazards posed by the
disposal of radioactive waste.
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Table 6-9.

Przliminary summary of Federal environmental regulatory

reqnirements that may apply to a rapository at Yucca
Mourtain (See footnotes at the end of the table)

Authority

Project Feature

Subs‘ aritive Requirements

National Environmental

Policy Act of 1969
(NEPA). Compliance
with regulations.

Federal Land Policy
and Management Act,
and summary report on
43 ysc® 1701-1782.
Rightrof-Way Grant
(BLM® or USFS®).

Figh & Wildlife
Coordination Act,
16 USC 661 et seq.,
Section 4(f);
Department of
Traunsportation Act
of 1966, 80 Stat.
931 ’ P.L. 89"870;
National Wildlife
Refuge System Admin-
istration Act.dP.L.
89~069, (USFWS™,
D0I%),
Right~of~-Way
Consultation.

Federal Land Policy
and Management Act,
43 YSC 155~158,
(BLM, USFS).
Withdrawal Land
Order.

Major Federal actions
significantly affecting
the quality of the
human environment.

Occupation, use, or
traversing of land for
roads, railroads, power,
construction camps,
storage yards, etc,,
will affect BLM land.

Occupation, use, or
traversing of land

for power and rallroads
over national wildlife
refuges. Effects to the
Desert National Wildlife
Range, are not expected.
The Secretary of Trans-
portation must approve

a trangportation project
if publicly owned land
containing a public park,
recreation area, or wild-
life area are affected.

Obtaining jurisdiction
over, use of, or occu-
pation of public land
for facilities and

structures will affect
BLM land.

6-51
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REQUIREMENTS RELATED TO LAND

This A~t requires Federal
agencles to assess the
envirsnomental impacts of
major Federal actions to
prevent or eliminate dam—
age to the environment.

A description of the land
environmental effects;.
BLM evaluates effects

and sends written
authorization,

A description of the
gpecies, the habitat, and
how the proposed action
may affect tge species;
USFWS or DOT" evaluates
information; needed
action, and instructs
applicant.

An environmental assess-
ment may be required.
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Table 6~9,

Preliminary summary of Federal environmental ragulatory

riquirements that may apply to a reposaitory at Yucca
Mcuntain (See footnotes at the end of the table) (continued)

Authority

Project Feature

S: -stantive Requiréments

“ederal Land Policy
and Management Act,
sections 103(f),
302(b), 501(a)(?),
504(a), and 507(a)
(BLM, USFS).

Temporary Use Permit.

Organic Act of the
National Park Service,
16 USC Section 1;
Natlonal Park System
Mining Regulation Act,
16 USC Section 1901~
1912 (36 CFR® Part 9).

Department of Trans=-'
portation Acts, 49 USC
Section 303, 23 USC
Section 138,

Coastal Barriers ,
Resources Act, 16 USC
350i-3510.

“p i 068

Occupation, use, or
traversing of public’
land to study, monitor,
or perform other inves-
tigations will affect
BLM land.

Occupation, use, or
traveraing of National
Park land. To preserve
National Parks and to
leave them unimpaired
for future generations
with special emphasis on
halting or regulating
mining so as to prevent
or minimize damage to the
environmental resources.

Occupation, use, or
traversing of public
land for transportation
corridors. To preserve
the natural beauty of
the countryside, public
parks, rec¢reation lands,
wildlife and waterfowl
refuges, and historic
sites.

Prohibits new Federal
expenditures for con-
struction of projects
within the Coastal
Barrler Resources System
(CBRS), undeveloped
coastal land along the
Atlantic and Gulf Coasts,
and adjacent wetlands

and inlets.

6-52

A gescription of the land
an¢. a summary report on
env.ronmental effects;
BLM returns an approved
peionit application form.

A c¢escription of the land
and a summary report on
the envirounmental impact;
thig Act is not applica-
ble because the re-
stricted area or reposi-
tory support facilitiles
will not lie within a
National Park,

A description of the land
and a summary report on
the environmental
impacts; although the
Acts do not impose any
requiregents directly on
the DOE", the DOE will
consult with the Depart-
ment of Transportation to
determine the applica=-
bility. '

DOE determines if candi-
date site or related
activities are within
CBRS; 1f so, site ot
activities must be
abandoned. DOE confirms
with U,.S. Fish and Wild-
life Service that no
project activities are
located 1in a coastal
barrier.
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Table 6"9 .

Preli:dnary summary of Federal environmental regulatory

requ’cements that way apply to a repository at Yucca
Mountuin (See foaotnotes at the end of the table) (continued)

Authority

Project Feature

Substintive Requirements

REQUIREMENTS RELATED TO LAND (continu~d)

Coastal Zone Man.ge~
ment Act of 1972,

16 USC 1451-1464

(15 CFR 930).

Marine Protection,
Research, and Sanctu-
aries Act, 33 USC
1401~1444

(10 CFR 220-228).

Wild and Scenic
Rivers Act, 16 USC
1271-1287,

Wilderness Act, i6:USb'

1131~1136.  (Federal
Land Policy and . .
Wilderneas Management
Act, 43 USC 1982).

Coastal Zone Management
Act ensures that any
Federal project im the
coastal zpne, is conslis-
tent with approved state
management prograug.

Marine Protectiony
Research, and Sanctu-
aries Act regulates
the dumping of all

’ types of materials

into ocean waters.

 Act prohibits construc-
- tion on or directly

affecting any river
that 1ls designated a
component of the
National Wild and
Scenic River (NWSR)
system, or on any river
designated for addition
to the system, that
would adversely affect
the values of NWSR
systems.

Act establishes a
National Wilderness
Pregervation System for
public recreational,
scenic, scilentific, edu-
cational, counservation,
and historical use,

6-53

DOE « .termines 1 project
activities are in, or
could affect, the coastal
zoune of a gtate. If DOE
determines that a coastal
zone 18 affected, or that
ocean dumping is pro-
poscd, additional
requirements apply.

If DOE determines that
ocean dumping is
proposed, additional
requirements apply.

DOE determipes if apny
rivera. dn the vicinity of
the :candidate repository
site are designated as a
component. of the NWSR.
system, or a potential
additlion to the system.
If DOE finds .an NWSR in
site vicinity, it must
prepare an impact evalu-
ation. If impacts are
direct and adverse, DOE
must advise the Secretary
of the Department of
Interlor and Congress.

Roads, structures,
installations, etc., are
prohibited 1in designated
Areas or Wilderness Study
Areas (WSAs).

310 "3 p?a 05 726



Table 6-9.

Preliminary summary of Federal environmental regulatory

re;;ulrements that may apply to a repository at Tucca
Mountain (See footnotes at the end of the table) (continued)

Authority

Project Feature

Sul::tantive Requirements

REQQUIREMENTS RELATED TO LAND (cont .n:ed)

Taylor Grazing Act
43 USC 315-316
(43 CFR 4100).

National Forest

Organic Legislation,
16 USC 475;
Multiple~Use-Sustalned-
Yield Act, 16 USC
528-531; Forest and
Rangeland Renewable
Resources Planning and
Research Acts, Manage-
ment Act, and Renewable
Regsource Extension

Act, 16 USC 1600~1676
(36 CFR Part 261).

Farmland Protection
Policy Act, 7 USC
4201-4209 (7 CFR 658).

Act creates, protects,
and regulates Federal
grazing districts to
provide for the orderly
use and development of
rangeland.

Acts protect and improve
National Forests which
are established for out-
door recreation, range,
timber, watershed, and
fish and wildlife
purposes.,

Act seeks to minimize
the extent to which
Federal programs con-
tribute to the
unnecessary and irre-
versible conversion of
farmland to nonagri-~
culture uses.

6-54

If epository site or
access is located on a
DOY Bureau of Land
Mavnagement (BLM) desig-
nacted grazing district,
DOE must apply for a
right-of-way, or with-
dru.wal of grazing dis-
trict land from BLM.

DOE must obtain Congres-
sional approval for with-
drawal of National Forest
land for DOE use as a
repository site. Access
roads on National Forest
land must be built in
accordance with require-~
menis defined by the
DOA". Permanent roads
must be approved as part
of National Forest Trans-
portation System.

DOE must complete Soil
Conservation Service
(SCS) Form AD 1006, and
submit to SCS. If 3CS
determines that prime
farmland exists on site,
DOE must complete a site
assegsment. DOE nmust also
consider alternative/
mitigating ‘measures to
protect the prime farm-
land, andidsésure to '
extent practicable,  pro=
ject compatibility with
State and local programs
and policies.



Table 6~9.,

Preliminary summary of Federal enviropmental regulatory

requirements that may apply to a repcsitory at Yucca
Mcuntain (See footnotes at the end of the table) (continued)

Authority

Project Feature

S\ hstantive Requirements

REQUIREMENTS REIATED TO LAND (cont. miued)

Floodplains/Wetlands
Executive Orders,
E.0., 11988 and 11990
(10 CFR 1022).

Executive Orders require
Federal agencles to
implement regulations
that will protect wet-—
landa, and minimize
adverse effects from
development in flood-
plains,

If wetlands or flood-
plains oceur at the site
oy support facilities,
DUE must publish notice
in Federal Register,
notify Federal, State,
ard local agencies of
proposed action, prepare
an assessment of proposed
action, and publish a
statement of findings.
Constructionnin asflbod
plain 'mustnbe;in.agcorr
dance.with;Federal::; .
Insurance Administration
regulations.

REQUIREMENTS RELATED TO AIR OR NOISE

Clean Air Act, 42 USC
7401, et seq. (Regional
EPA Office). Precon-
struction Permit under
Prevention of Signifi-~
cant Deterioration (PSD)
or nonattainment regu-~
lations; EPAY review.
only for states with
delegated authority.

Clean Air Act, 42 USC
7410(a)(2)(D), 110(a)(4)
(State Air Quality
Office).

New Source Review
(NSR) provisions of
the Clean Air Act
authorize States to
regulate sources not .
subject to PSD through
permit programs.

Any major stationary
source including concrete
or asphalt batch plants,
fossil~fuel-fired equip-

‘ment diesel generator,

storage of volatile
organic compounds, etc.

Small sources and sources
not subject to PSD or
nonattainment review,

but subject to new
source operating stan-
dards and emission:
limitations.

6~55

An emission inventory;
meteorology data; disper-
sion modeling, and an
evaluation of NAAQS and
PSD standards; EPA
returns signed applica-
tion forms.

A list of emissions: and
emission sources; EPA
uses NSR to ensure com-
pliance with New Source
Review emission stan-
dards; EPA 1ssued NSR:
approval}i activity must
be included iniapproved
State' Implemeéntation: Plan
(SIP):: e



Table 6#-9. Pr

&¢.iminary summary of Federal euviroumental.regulatory

reciirements that may apply to a repository at Yucca
Mountain (See ‘footnotes at the end of the table) (continued)

Authority

Project Feature

Subizantive Requirements

REQUIREMENTS RELATED TO AIR OR NOISE (et t.fnued)

Noise Control A~t of

1972, 42 USC 4901~
4918.

t

Federal Land -Poldcy
and -Management ‘Acty .-

43 USC 1767 (BLH) .- o'

- Right~of+Way Grantss:!

Clean Water Act 33

USC 1251, et seq.
(Regional EPA Office).

. National Pollutaunt
Discharge Elimination:
System Permit.

Clean Water Act, -
Sec. 404, 33 USC 1344
Executive Orders 11988
and 11990 (District
U.S. Coast Guard).
404 Permit/
Consultation.

Clean Water Act, il
Secs 311(3)(1)(c),

40 CFR. 112" . = ! =
(Regional-EPA Office)a
Approval of Spill::
Prevention Control
and Counter—-measure
(SPCC) Plan.

8 0

ﬁ) 0 B

Federal agencies are to

carry out their programs
in a manner that promotes

an eunvironment free of

noigse that could jeopar~-

dize health or welfare.

DO% is required to ccmply
with Federal, State,
intarstate, and local
requirements for the
control and abatement of
environmental noise.

REQUIREMENTS RELATED TO WATER

Well sites on BLM land.

Discharge of pollutants
into project surface
lagoous-.that: could
subsequently: lead:to
contamination of surface
or ground waters. .

Discharge of dredged
material for purposes

of building impound-
ments, causeways, road-
fills, dams, or dikes in
navigable waters,
including wetlands;
depends on the official
classification of:
Fortymile Wash.

Storage and transport
of hydrocarbons near .
navigable waters; spill
prevention depending on
the classification

of Fortymile Wash.

6-56

Well specifications,
location, use, and brief
description of environ-
mental effects; BLM
returns a signed
right-of-way form.

Diacharge quantity, water
quality data, and infor~
mation.on receiving:
waters; EPA returns a
signed application form.

)

Description.of activity
and environm?ntal Ampact
report; ACOE™ returns:a
signed.application form.

Location and specifica~
tions of tanks. and berms
to confine spills; EPA
approves the SPGC Plan in
writing. ‘

085 79



Table 6-9,

Prel iminavy summary of Faderal environmwental regulatory

requlrements that may apply to a repository at Yucca
Mouncain (See footnotes at the end of th# table) (continued)

Authority

Project Feature

Cme

Subs " antive Requirements

waars

REQUIREMENTS RELATED TO WATER (continuel)

Rivers and Harbors Act,

33 UsC 401-413
(33 CFR 323).

General Bridge Act of
1946, 33 USC 401
(33 CFR 114~115).

Safe Drinking Water
Act, 42 USC 300f~-
300g-10 (40 CFR 122
and 146).

Act prevents any alter~
ation or modification
of the course, location,
conditions, or capacity
of any ‘channel of any
navigable water of the
U.Se. without a permit.

Act requires permit or
amendment from U.S.
Coast Guard for con~
struction or modifi-~
cation of ‘bridges over
any navigable waterways.

The purpose of the Act
is to preveéent pollution
of underground sources
of drinking water, to
protect séle source
aquifers ‘and ‘to require
compliance with Federal,
State, and loc¢al publice
drioking Wwater regu-
lations. '" ‘

St

DOE must obtailn a permit
from ACOE 1§ £111
material is put into -
navigable water,

DOE must apply for permit
if any bridge over navi-
gable ‘waterwdys will be
built or modified as @&
result of repdsitory ' -
activities at the site.

DOE must obtain an Under-
ground Injection Control
Permit or uge a licensed
underground injection
well facility, if ander-
ground injection 1g i
chosen as méthod of ‘dis-
posal for bride. e

[

Loy,

REQUIREMENTS RELATED TO SOLID AND HAZARDOUS WASTR: : /'

Hazardous Materials

Transportation Act,’

49 Usc 1801, et seq.
Registration

~ Packing, labeling,
“'handl1ing, "dodumenting,
and transporting

hazardous materials on’

public roads, railways,
etc. acrogs state
lines; hazardous
materials include
flammable 1iquids,
combustible liquids,
explosives, etc.

955%
; !
a n'n N'A

N 5

Documentation of

‘materfdis to (be’trans-

ported; DOT returns a
signed régidtration form.

RS B

a0



Table 6~9.

Preliminary summary of Federal environmental regulatory

rejuirements that may apply to a repository at Yucca
Mosntain (See footnotes at the end of the table) (continued)

Authority

Project Feature

an

Su*stantive Requirements

REQUIREMENTS RELATED TO SOLID AND HAZARDOUS

Resource Conservation
and Recovery Ac.,

USC 6901, et seq.
(Regional LPA Office)
Hazardous Waste

Identification Number.

®

Comprehensive Environ-

mental Response,
Compensation, and
Liability Act of 1980
(CERCLA), 42 USC
Sections 9601-9657.

Resource Consaervation
and Recovery Act, USC
6901, et

et seq. (Regional
EPA Office).

Hazardous Waste TSD

Permit (necessary for

any state without an

Generation and transport
of hagzardous wastes {in
quantities exceeding
1,000 kg/month or acute
hazardous wastes exceed-
ing 1 kg/month.

Generation and transport
of hazardous wastes.

The Act imposes notifi-
cation requirements and
liability for unpermitted
releases of hazardous
substances, and to
establish a fund for
remedial use in case of
release of hazardous
substances.

Construction and opera-
tion of any facility used
for the treatment,
storage, and disposal
(TSD) of hazardous wastes
including possibly the
rock-storage pile.

EPA-approved hazardous~

waste-management plan).

W. 8193 (continued)

Quartity and type of
wast.e and a description
of <isposal site before,
during, and after dis-
posal; EPA returns a
signed application form.

Notification and clean up
of accidental spills in
accordance with CERCLA
requirements.

Quantity and type of
waste and a description
of disposal site before,
during, and after dis-
posal; EPA returns a
signed application form.

REQUIREMENTS RELATED TO CULTURAL RESOURCES AND NATIVE AMERICANS

American Indian

Religious Freedom Act

42 USC 1996 et seq.
Consultation with
Native American
religious leaders,
BIA", DOI.

8

Impact of construction
on American religious
practices and sites.

Location of project
activities and sites; DOI
returns written authori-
zation to proceed with
preject.



Table 6~9.

Pre!iminary summary of Federal
reguirements that may apply to
Mozatain (See footnotes at the

environmental regulatory
a repository at Yucca
end of the table) (continued)

Authority

Project Feature

Subitantive Requirements

REQUIREMENTS RELATED TO CULTURAL RESOURCES AND

National Historic Pre~
servation Act, 16 USC

Impact of construction
on cultural resources.

NATIVY

+MERICANS (continued)

As 1.oove, DOI action
required.

470 et seq., Executive
Order 11593; 35 CFR 800.
(Advisory Council on
National Historic Pre-
servation; State Historic
Preservation Office).

Determination of No
Adverse Effect; Pro-
grammatic Memorandum
of Agreement; Avoidance
and Mitigation for: land
withdrawal where exca-
vations or removal of
archaeological resour—~
ces are anticipated.

Archaeological
Resources Protection
Act. of 1979, 16 USC

470 aa et seq.

(BLM, DOI, DOA). -
Permit to excavate, i
remove, or alte
archaeological
resources.

Impact of construction
on cultural resources.

American Antiquities
Act, 16 USC 433.

Act protects historic
and prehistoric ruins,
monuments, and objects
of antiquity located
on lands owned or
controlled by the
Federal Government.,

6~59

ain . nia

n . o,

}

[

As above, and a detailed
excavation preservation
plan; DOI must approve
the plan. - N

If historic or prehis-
toric ruins or objects . of
antiquity are found, :DOE
must determine if project
will adversely affect
sources.: Seéaretary of
the DOI:will have'to
grant permission to pro-
ceed before activities
can be undertaken that
may result in appropri-
ation, excavation,
injury, or destruction

to any historic ruin or
antiquity.

o’ .



Table 6-9.

Praf{iminary summary of Federal environmental regulatory

requirements that may apply to a repository at Yucca
Mouvr.tain (See footnotes at the end of the table) {continued)

Authority

Project Teature

Subt 'antive Requirements

KZQUIREMENTS RELATED TO CULTURAL RESOURCES AND NATIVE AMERICANS' (continued)

Reservolr Salvage Act

of 1960, 16 USC
Section 469-~469c

(at 469 a~1) (DOI).
Survey for recovery
and preservation of
archaeological
resources discovered
in the course of
siting a Federal
project.

National Trails System
Act, 16 USC, Section
124]1 et seq.

(Nps™, DOT).
Cooperative Agreement
for construction and
operation on historic
trails. S

Historic Sites,
Buildings and
Antiquities Act,

16 USC 461-~469;
Preservation of
Historical
Archaeological

Data Threatened

by Dam Construction
or Alteration;
Historic Preservation
.Act of 1966 as
Amended, 16 USC 470~
470w~6:(36 CFR Part
800); (Ev0. 11593)."

B8lpwi0 8

Impacts of construction
on cultural resources.

Impacts of construction
on historic trails.

Act protects properties
of historical architec-
tural significance at
National, State, and
local levels from Federal
actions affecting pro-
perties included in or
eligible for inclusion
in the National
Register of Historic
Places.

6~60

As ab.ive, DOI action
tequited. '

,;n- R Ry

Gt

PPt PR AL LS U RS LI S )
Asxabove“ DOI,acciqn 1
neqﬂired. e o i

TP SRPNE NI

DOE must request: informa-
tion from State Historice
Preservation:0fficer
(SHPO) and study existing
literature to . determine
whether potential struc~-
tures or objects that-.are
ligsted in the National
Register or aré eligible
for inclusioniih the ! :
National Register will be
affected. If potential

- repogitory site contains

historic resource that

. 18 eligible for inclu-
sion in the National

Register, DOE must deter-
mine the effect that
repository construction
may have on the resource.

N5 ?33‘i:§



Table 6-9,

Prelim’'nary summary of Federal environmental regulatory

requiti.«ments that may apply to a repository at Yucca
Mountain (See footnotes at the end of the table) (continued)

Authority

Project Feature

Substecive Requirements

REQUIREMENTS RELATED TO CULTURAL RESOURCES AND NATIVE A? i:7CANS (continued)

REQUIREMENTS RELATED TO CONITRUCTEON

Materials Act 1947,
30 USC: 601~604

(43 OFR 3600 et se .)
(BLM, DOI). “*1
‘Free Use Permit.

REQUIREMENTS RELAPED TO BIOLOGTCAL

Endangered Speciles Act
16 USC 1531 et seq.,
Federal Land Manage~-
ment Policy ' R
Act (USFWS, DOIL).
Biological opinion
on threatened ‘and = °
endangered speciles.

Sikes Act, P.L. 93-452
(16 USC 679 et seq.,
(BLM).

Consultation.

800049

Acquisitlon (from BLM
lands) and use of common
varieties of sand, stone,
gravel, etc. for a public
project.

Construction and opera-
tion activities affecting
flora and fauna.

Construction activities
within BLM and State
Wildlife Agency Wildlife
Habitat areas.

661

If effcct would:be -
adverse, DOE must: prepare
a plan of' mitigation and
consult with the Advisory
Council on Historic

Preservation.
! T i [ ST R P

MATERIALS

A description of the
excavation site before,
during, and after activi-
ties; a brief mining plan
and an environmental
impact summary; BLM

formally approves the
plana. S He e Vi

ASPECTS NPT

A project description, a
biological survey, and a
report. of ifindingsj USFWS
approves mhe'Lnformatibn
Ln wricing‘ i

Srpee

As above, USFWS action
required.

053 4



Table 6-9.

Preliminary summary of Federal environmental ragulatory

riquirements that may apply to a reprsitory at Yucca
¥Mruntain (See footnotes at the end of the table) (continued)

Authority

Project Feature

PR

Sv.atantive Requirements

REQU/IREMENTS RELATED TO BIOLOGICAL ASPECTS {continued)

Migratory Bird Treaty
Act, 16 USC 703-710
(50 CFR 10,13)

Bald and Golden Eagle
Protection Act, 16 USC
668-668d.

Wild Free~Roaming
Horses and Burros
Act, 16 USC
1331~1340

(43 CFR 4700).

National Wildlife
Refuge System Admin-
istration Act of 1966,
16 USC Sections 668dd-
668ee (50 CFR Parts
25, 27, 28, and 29).

Act prohibits killing,
capturing, transporting,
etc., protected migratory
birds, their nests, and
eggs .

Act prohibits possessing,
killing, transporting,
disturbing, etc., bald
and golden eagles, thelr
nests, or eggsa.

Act protects all
unbranded and unclaimed
horses and burros on
public launds of the
United States.

Project activities that
would conflict with the
protection and conserva-
tion of national wild~
life refuges.

6-62

8 0‘9 0 8

Project activities must
avoid harm (including
indirect effects) to
migratory birds, thelir
nests, and eggs.,

Projact activities must
avold negative impacts

to bald. and golden eagles
and their nests and eggs.
Secretary of Interior may
permit reliocation:of .
golden emgla.nesta: if. -
they interfere with: i,
resource development or
recovery plans.

Project activities must
avoid harm (including
indirect effects) to
wild, free-roaming horses
and burros on public
lands.

A description of the pro-
Ject, the lang to be dis~
turbed ‘and. a -summary. . .
report on the environ~
mental lmpacts. .

@5%3‘5



Table 6~9. Pre'iminary summary of Federal enviroumental regulatory
reqilrements that may apply to a repository at Yucca
Mouitain (See footnotes at the end of the table) (continued)

Authority Project Feature Sub..antive Requirements

REQUIREMENTS OR PERMITS RELATED TO AIR SPACE

Federal Aviatior Act, Buildings, towers, or A description of activi-

49 UbC 1347 et seq., other structures exceed- ties showing structures

(FAAYC. ing 200 ft in height. over 200 ft; FAA approves

Afrgpace Permit. a formal application
forume

:USC = United States Code.

oBLM = Bureau of Land Management. ‘
dUSFS = U.S. Forest Service. ‘ o
USFWS = U.S. Fish and Wildlife Service. T

?DOI = U,$, Department of Interior.

DOT = U.S. Department of Transportation,
ﬁCFR = Code of Federal Regulations.
iDOE = U.,S. Department of Energy,

DOA = U.S. Department of Agriculture.

iEPA = U.S. Environmental Protection Agency.

lNAAQS = National Ambient Air Quality Standard.

ACOE = Army Corps of Engineers.

nBIA = Bureau of Indian Affafrs. , o
oNPS = National Park Service. ) S
FAA = Federal Aviation Authority.

T L R A R RIS B
OGS age st oynlie

6-63
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Table 6-10.,

Preliminary summary of State enviyonmental regulatory

requirenents that may apply to a repository at Yucca Mountain
(See footnotes at end of table)

Authority

Project feature

Substantive
requirements

REQUIREMENTS RELATED TO WATER

NRS? Chapter 445,131
through 445.354; National
Pollutant Discharge
Elim%naciog System Permit
NDEP™; EPA™ Region IX

San Francisco.

NRS Chapter 533 and 534;
Permit to appropriate
the gublic Waters;

NDWR ",

Any activity that may
result in a discharge

of pollutants into
State waters (either
surface or underground).

Location of point of
diversion and place of
use, use for water,
annual consumption of
water.

Discharge quantity and
water quality data, data
on recelving waters and
and impacts; EPA
approves application
form,

Intake (well) specifica-
tions, location, and
use; Nevada approves
application form,

REQUIREMENTS RELATED TO SAFETY

NRS 618; Construction
and Operating Permit
for New Elevators,
Dumbwaiters and Moving
Walks; NDOSH®.

NRS 618; Boiler or
Pressure Vessel Oper~
ating Permit; NDOSH,

Assembly, installation,
testing, and inspection
of elevators, dumb-
walters, and moving
walks.

Operation of a boller
or pressure vessel.

Description of facility;
Nevada approves Health
and Safety Plan.

Description of facility;
Nevada approves the
permit application.

REQUIREMENTS RELATED TO LAND USE

NRS 278, 439,200, 444,
445, and 446; Permit to
Congtruct a Campsite;
NDH® (Bureau of Consumer
Health Protection
Services).

>

Construction of labor
camps, public bathing
places, mobile home
parks, camp kitchen &
dining room, drinking
water supply, recrea-
tional vehicle park,
sewage system, or sub-
division.

664
o 8

Specifications on all
facilities; Nevada
approves various appli-
cation forms.

1

S0 B R 7



Table 6-10,

Preliminary summary of State environmental regulatovy

requir ments that may apply to a repository at Yucra Mountain
(See frotnotes at end of table) (continued)

Authority

Project feature

Substantive
requirements

— -

REQUYREMENTS RELATED TO LAND USE (cont{rued)

NRS Chapter 512.160;
Opening and_Closing
Mines; NSIM®,

NRS Chapter 535; Purmit

to Construct Tailing Dam;

if fresh-water storage,

a Storage Permit 1s also

required; NDWR.,

NRS Chapter 444,440
through 444.620;

Solid Waste Management
System; NDEP,

NRS 322;
LeasE—Easement;
NDSL".

NRS 459,010 through
459,290;

Radioactive Materials
License; NDH (Bureau
of Consumer Health
Protection Services).

NRS 444.700 through

444,778; Hazardous Waste

Management;
NDEP,

r
PN

Opening and closing
mining operations.

Any tailing dam that is
higher than 10 feet or
or will impound more
than 10 acre-feet,

Any place where solid
waste 18 dumped, aban-
doned, accepted, or
disposed of by incin-
eration, land filling,
composting, or any
other method. (This
does not prevent a
mining operation from
dumping waste from its
operation on its own
land.)

The construction of
bridges, pipelines, and
water or sewer lines.

The use, storage, dis-
posal, and extraction
of certaln nonexempt

radioactive materials.

Storage, generation,
transportation, treat-
ment and disposal of
hazardous waste.

6-65

M D

”N F ol %

A notification form to
be filed with the
Ingpector of Mines;
Nevada approves form.

Specifications on the
dem and water relocation
and drainage systém;

Nevada approves plans.

Description of activi-
ties; Nevada approves
plans.

Facility specifications
and description of con-
struction activities;
Nevada approves plans.

Description of
materials, uses, and
handling methods and
procedures; Nevada
approves license
application.

See Federal Resource
Conservation and
Recovery Act.



Table 6-10.

Preliminary summary of State environmental regulatory

requiremen’s that may apply to a repository at Yucca Mountain
(See footu:.tes at end of table) (continued)

Authority

Project feature

fulistantive
“equirements

REQUIREMENTS RELATED TO LAND USE (continu:d:

Federal Regulationg;
Coordination; NDHPA®,

nacd 504.510 through
504.550; Specilal
Permit--Modificgtion
of Habitat; NDW

Higstoric preservation.,

Any action that will
change or alter wild
life habitat, including
thermal pollution.,

See Facaral Cultuyral
Resources Sectiqn,‘
Table ©-9,

Description of proposed
activity and epvirpn-, .
menta! impacts; Nevada
approves activity in
writing. . P

REQUIREMENTS RELATED TO AIR QUALITY

NRS Chapter 445.401
through 445,601;

Aiy Quality--Permit to
Construct (Regilstration
Certificate);

NDEP.

NRS Chapter 445.401
through 445,601;
Alr Quality--Permit
to Operate; NDEP.

NRS Chapter 445,401
through 445,601;

Air Quality--Prevention
of Significant
Deterioration; NDEP,

Any boiler over 4
million BTU, incinera-
tors, mining operations,
asphalt plants, cement
plants, and other
industrial processes.

Compliance with con-
struction permit within
180 days of startup of
facility.

Major statlonary sources
(28 categories) and any
source that emits
greater than 250 tons/yr
of a major pollutant.

666

Application form and
support data jincluding
emissions, engineering
equipment specifica-
tions, meteorology data,
dispersion modeling,
effects to environmfnt
comgared with NAAQS™ and
PSD standards; Nevada
approves application
form.

As above.

Ag above.



Table 6~10. Preliminary summary of State environmental regulatory
requirerents that may apply to a repository at Yucca Mountain
(See fo:tnotes at end of table) (continued)

Substantive
Authority Project feature requirements

-

REQUIREMENTS RELATED TO AIR QUALITY (conti ued)

NRS 445.401 throuvgh Any surface disturbance As above.
445,601; of 8 hectares (20 acres)

Air Quality--Permit to or more; clearing,

Construct (Registration leveling, excavating or
Certificate) or Permit for the deposit of any

to operate; NDEP. foreign material to fill

or cover such land.

;NRS = Nevada Revised Statutes.

cNDEP = Nevada Division of Environmental Protection.
dEPA = Environmental Protection Agency.

eNDWR ~ Nevada Division of Water Resources.

fNDOSH = Nevada Division of Occupational Safety and Health.

NDH = Nevada Department of Health.

ﬁNSIM = Nevada State Inspector of Mines.

iNDSL = Nevada Division of State Lands.,

NDHPA = Nevada Division of Historic Preservation and Archaeology.
jNAC = Nevada Administrative Code.

iNDW = Nevada Department of Wildlife.

NAAQS = National Ambient Air Quality Standard.

®pSD = Prevention of Significant Deterioration.
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Waste Policy Act of 1982 (NWPA, 1983). The DOE inteuds to consult with
appropriate State :nd local officials concerning sites that are recommended
to determine the s.ope of the above noted requirements and identify other
regulations as appropriate.

Assumptions and detia uncertainties

The assumpticns and uncertainties in the data v ed to evaluate the
environmental quality guideline result from having o-1. preliminary design
atudies available for the exploratory shaft and repos tary at Yucca Mountain
(see chapters 4 and 5). Because only preliminary inf» mation is available,
the evaluation of environmental impacts must also be corsidered preliminary.
Specific assumptions and uncertainties in the data used to evaluaté this
technical guideline are described in chapters 4 and 5.

Assessing the significance of environmental impacts also has inherent
uncertainties because of uncertainties in the criteria and the validity of
the assumptions used to evaluate the significance of the environmental
impacts. 1In general, easily verifiable impacts, such as irreconcilable con-
flicts with the designated uses of federally protected lands, can be evalu-
ated with a high degree of certailnty because the significance of the impact
is defined clearly. In contrast, the significance of the effects exerted by
the siting, construction, and operation of a repository on ground water or
biotic communities is generally less cetrtain., In estimating the significance
of such potential environmental impacts that cannot be defined precisely, it
i8 necessary to rely on the judgment of environmental specialists. The
uncertainties will be minimizéd through ongoing investigations, the results
of which will be described in an environmental impact statément if Yueca
Mountain is selected as a site for further study (site ‘charactetization).

2k :- L

6.2.1.6.3 Favorable conditions

(1) Projected ability to meet, within time constraints, all,ff'
Federal, State, and local procedural and substantive environmental
requirements applicable to the site and the activities proposed to

take place thereon.

Evaluation

A preliminary list of Federal and State environmental requirements that
currently exist and may apply to the siting, construction, operation,
closure, and decommissioning of a repository at Yucca Mountain is given in
tables 6~9 and 6-10 (there are no applicable local environmental require-
ments). In some instances, the cited authority may require the U.S.
Department of Energy (DOE) to obtain several different types of permits; in
other instances the authority may require the DOE to consult with or notify
the appropriate agency. A preliminary evaluation of the listed environmental
requirements with regard to the site information presented in Chapter 3 and
the potential environmental impacts presented 1in chapters 4 and 5 has been
conducted. In addition, the DOE intends to comply with all State and local
environmental requirements not inconsistent with the DOE responsibilities
under the Nuclear Waste Policy Act (the Act) of 1982 (NWPA, 1983) as a matter
of policy.
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Conclusion

On the basis of tla site information presented in Chapter 3 and the
currently proposed activities and assoclated potential impacts as presented
in chapters 4 and 5 evsiuated with respect to current Fed=-al, State, and
local environmental reqgilrements, no reason has been identified that would
suggest that such requ: rements cannot be met, within time runstraints, during
the siting, construction, operation, closure, and decomw szioning of a
repository at the Yucca Mountain site. It has been assumer in this evalu-
ation that current requirements would be interpreted and ‘pulied consistently
with historical interpretation and application to activiti«s of a similar
scope and impact and that future requirements would not be .uconsistent with
the DOE responsibiiities under the Act. Therefore, the evidence indicates
that this favorable condition is present at Yucca Mountain.

(2) Potential gignificant adverse environmental impacts to present
and future generations can be mitigated to an insignificant level
through the application of reasonable measures, taking into account
programmatic, technical, social, economic, and environmental
factors.

Evaluation

The adverse environmental impacts associated with the siting, construc+~
tion, operation, closure, and decommissioning of a repogitory at Yucca
Mountain are described in chapters 4 and 5, The major impact associated with
site~characterization activitles would be the disturbance.of approximately
285 hectares (705 acres) of wildlife habitat. Other impacts include
increased emissions of hydrocarbons and particulates and increased noise
levels. Table 4-6 provides a summary of the enviroomental effects associated
with site characterization. The impacts related to the repository include
(1) the destruction of approximately 680 hectares (1,680 acres) of desert:
habitat, (2) fugitive-dust emissions, (3) vehicle emissions, and (4) radia-
tion releases during the excavation and operation of the repository, and
possibly from accidents. Radionuclide releases to the ground water in excess
of limits set by 40 CFR Part 191 (1985) are not expected during operation .or
for thousands of ycars after decommissioning (Section 6.4). The significance
of impacts to the bilota from repository comstruction and operation are
described in the evaluation of potentlally adverse condition 6.

Emissions of fugitive dust will result from surface preparation, excava-
tion, and the manipulation of the excavated rock and soil during the con-
struction, operation, closure (backfilling), and decommissioning of  the
repository. Dust emissions will also result from the disturbance of approxi-
mately 486 hectares (1,200 acres) during the construction of a railroad to
the repository, and from the disturbance of 79 hectares (195 . acres) during
the construction of an access road from U.S. Highway 95 north to the site.
Carbon mounoxide, hydrocarbons, and oxides of sulfur and nitrogen will.be
released from construction equipment and from private vehicles that transport
workers to and from the site.

During repository construction, the emission rate and-predicned impacts

for particulates, carbon monoxide, hydrocarbons, and oxides of sulfur and.
nitrogen are not expected to exceed:the air-quality limits of 40:CFR-Part 50
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(1983) at the boundary of the controlled area, Sectlon 5.2.5 describes the
models used to est mate the pollutants expected from repository coastruction,
assuming no dust-sippression measures are taken. These models predict total
suspended particul=tes of 130 micrograms per cubic meter for a ridge location
and 132 micrograme per cubic meter for a valley locaticn (Table 5-14), These
concentrations are below the fugitive-dust standards 3n 40 CFR Part 50
(1983), which specify that a maximum allowable 24-~hou: concentration of 260
micrograms per culic meter should not be exceeded mo-: than once per year
(Table 5-10). Section 5.2.5 provides a more comviste discussion of
air-quality regulations and estimated impacts. 1If t!2 project 1s subject to
Prevention of Significant Deterioration provisions ¢f the Clean Air Act
Amendments of 1977, the predicted pollutant councentratins would violate nore
of the applicable standards.

The release of naturally occurring radon and decay products from the
volcanic rocks of Yucca Mountain will increase during repository excavation
and during the manipulation of the excavated soil and rock (Table 5-22).
Using estimates of natural radiation in granite (DOE, ’980a), an estimate of
the releare of natural radicactivity from the volcaniv rocks of the Yucca
Mountain site during construction can be calculated. Construction of a
repository would result in an annual effective whole~body dose for a member
of the general population of less than 0.05 millirem., Natural background
radiation from all sources contributes an individual whole-body equivalent
dose of 0.09 rem per year (Jackson et al,, 1984). Routine releases from
radon in the surface spoils piles during backfilling are expected to be
negligible. The above estimates indicate that the environmental impact from
radiological releases during excavation of the repository 1s not significant.
See Section 6.,4.1 for discussions of expected releases during normal
repository operation, which are expected to represent less than 2 percent of
natural background radiation.

Conclusion

No potential significant adverse environmental 1mpacts'to present or
future generations havée been 1ldentified from the siting, conetruction,
operation, closure, and decommissioning of a repository at Yucca Mountain.
Consequently, additional mitigation over that currently proposed 1s not
required. Therefora, the evidence indicates that this favorable condition
is present at Yucca Mountain.

6.2.1.6.4 Potentially'adverse conditions

(1) Projected major 'conflict with applicable Federal, State, or
local environmental reqpirements. B

Evaluation

The U.S. Department of Energy (DOE) will be required to obtain all
applicable permits. Lists of the environmental regulations that may apply to
siting, construction, operation, closure, or decommissioning of a repository
at Yucca Mountain are given in tables 6~9 and 6~10. No major conflict with
applicable Federal, State, or local environmental requirements i8 expected.
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Conclusion

It is expected that all applicable Federal, State, and local environ-
mental requiremenvs will be satisfied. Therefore, the evidence indicates
that this potential'y adverse condition is not present at Yucca Mountain.

(2) Projectecd significant adverse environmenta! Impacts that
cannot be avoided or mitigated.

Evaluation

The basis for concluding that the environmental lmiacts that would stem
from siting, constru:ting, operating, closing, or decom:issioning a reposi-
tory at Yucca Mountain can be mitigated or avolded is given in the evaluation
sections of favorable condition 2, potentially adverse condition 6, and in
chapters 4 and 3. ‘

Conclusion

The adverse environmental impacts expected from the siting, construc-
tion, operation, closure, and decommissioning of a repository can be
mitigated to an acceptable degree or avoided. Therefore, the evidence

indicates that this potentially adverse condition {8 not present at Yucca
Mountain,

(3) Proximity to, or projected significant adverse environmental

impacts of the repository or its support facllities on, a component
of the National Park System, the National Wildlife Refuge System,

the National Wild and -Scenic Rivers System, the National Wilderness
Preservation System, or National Forest Land.

Evaluation

As discussed in Section 6.2.1.3, the surface and underground facilitles
at Yucca Mountain would be located entirely on Federal lands currently
administered by the DOE and the U.S. Department of the Air Force (DAF) as
well as public~domain lands under the jurisdiction of the Bureau of Land
Management (BLM). As noted in the relevant data of Section 6,2.,1.3, the
proposed facilitles would be located on Federal lands that are not currently
restricted by environmental land-use considerations.

If a repository 1s located at Yucca Mountaln, the proposed rail line
would be constructed from Yucca Mountain to a point a few miles northeast of
Las Vegas (see map of proposed rail routing, Chapter 5, Figure 5~2) and a
paved access road would be bullt from U.S. Highway 95 approximately 25
kilometers (16 miles) northward to the site. At some points, the rail line
may be within the vicinity of the southern boundary of the Desert National
Wildlife Range (Lutsey and Nichols, 1972), Large parts of the wildlife range
are administratively endorsed as suitable for inclusion in the National
Wilderness Preservation System (BLM, 1983), The effects on the Desert
National Wildlife Range due to the construction and operation of the rall
line are expected to be minor because the rail line is not expected to
traverse lands within the wildlife range. The proposed access route from

t
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U.S. Highway 95 to the site would be entirely on federally contrclled land
with no conflicting uses.

The boundary ¢ Death Valley National Monument lies approximately 30 to
40 kilometers (20 t~ 25 miles) west and southwest of the Yucca Mountain site
(Lutsey and Nichols, 1972). The environmental eff:u:ts of siting,
constructing, aund overating a repository at Yucca Mount:ir Include increased
use of the monumeni by the construction workers and t'sx employees of the
repository. This could produce some effect on the fs. ilities and scenic
attributes of the monument, but the significance of t™e 2 impacts is expected
to be minor.

The unorthern part of the controlled area surroundirz the repository site
would be approximately 8 kilometers (5 miles) south of the Timber Mountain
Caldera National Natural Landmark. This federally des?!¢nated landmark would
not be disturbed during the construction and operation of thg repository.
Furthermore, the landmark is located within the Nellis Alr Force Range and
the Nevada Test Site, and access to it is restricted.

Recently, the U.S, Fish and Wildlife Service (USFWS) purchased
5,121 hectares (12,654 acres) of private land in the Ash Meadows area from
the Nature Conservancy and has established the area as a unit within the -
National Wildlife Refuge System. In addition, Devils Hole 1is protected as
part of Death Valley National Monument. The Ash Meadows area is, located
about 40 kilometers (25 miles) from Yucca Mountain. Relict populations of
pupfish and many unusual endemic plants exist in the spring habitats of Ash
Meadows Iincluding: four species of fish listed as endangered by the USFWS,
Devils. Hole pupfish, Cyprinodon diaholis; Warm Springs pupfish, Cyprinodon
nevadensis pectoralis; Ash Meadows Amargosa pupfish, Cyprinodon nevadensis
mionectes; and Ash Meadows speckled dace, Rhinichthys osculus nevadensis
(USFWS, 1983a); an endangered plant, Amaragosa niterwort, Nitrophila
mohavensis; six threatened plants, Ash Meadows ivesia, Ivesia eremica; Ash
Meadows sunray, Enceliopsis nudicaulis var. corrugata; spring-loving
centaury, Centaurium namophilum; Ash Meadows blazing star, Mentzelia
leucophylla; Ash Meadows milk vetch, Astragalus phoenix; and Ash Meadows
gumplant, Grindelia fraxinopratensis; and a threatened insect, Ash Meadows
naucorid, Ambrysus amargosus (DOI, 1984). Eight species of endemic molluscs
are candidates for possible listing as eundangered or threatened species in
the future (DOI, 1984), and the Ash Meadows vole (Microtus montanus
nevadensis) has been classified as a Category 2 mammal which 18 being
reviewed for possible addition to the list (DOI, 1984).

Analysis of studies by Dudley and Larson (1976) and Waddell (1982)
suggest that the construction and operation of a repository at Yucca Mountain
will not affect the outflow of the springs at Ash Meadows, because water
supplies for the repository will not be drawn from the ground~water basin
that feeds the springs. Potential environmental impacts to this refuge from
repository workers are projected to be negligible because land . use in: the
area would be restricted hy the USFWS. :

Conclﬁsion

The proposed repository and its supporting facilities, including a rail
line that may be constructed in southern Nevada and a paved road that may be
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constructed from U,S. I ghway 95 northward to Yucca Mountain, would not
result in any significant adverse environmental effects on federally pro~
tected lands (e.g., parr"s, monuments, recreation sreaa, wildlife areas,
wilderness areas), or !ands administered by the U.S. Forest Servica,
Therefore, the evidence Lndicates that this potentially adve:se condition is
not present at Yucca Mcuntain,

(4) Proximity to, and projected significant adverse ¢ viroumental
impacts of the repository or its support facilities ¢ , a signi-
ficant State or regional protected resource area, svc! as a Btate
park, a wildlife ar:a, or a historical area.

Evaluation

The surface and underground facilities at Yucca Mourtain would: be
located entirely on Federal lands currently administered by the DOE and the
DAF, as well as public-domain lands under the jurisdiction of the BLM (Lutsey
and Nichols, 1972), If a repository is constructed at Yucca Mountain, a
161-kilometer (100~mile) rail line may be built to the site from Dike 8iding
a few miles northeast of Las Vegas. The proposed rail line would pass within
1.4 kilometers (0.9 miles) of Floyd R. Lamb State Park (formerly called Tule
Springs Park; sections 3, 4, and 9, T. 19 S., R. 60 E,). The composite
annual day and night (L, ) noise levels induced in the park by the construc~
tion and the operation‘gf the raill line would be below U.S. Environmental
Protection Agency limits (Section 5.2.6.1). Therefore, significant adverse
impacts to this State Park are not expected from the construction and
operation of a rail line in this area.

Conclusion

The repository and 1ts proposed supporting facilities, including a rail-
road that would be constructed in southern Nevada and a paved road that wotld
be constructed from U.S. Highway 95 northward to Yucca. Mountain, would not
exert significant adverse environmental impacts on State protected lands,
such as parks, recreation areas, or wildlife areas. Therefore, the evidence
indicates that this potentially adverse condition 1is not present at Yucca
Mountain. ' ‘

(5) Proximity to, and projected significant adverse environmental
impacts of the repository and its support facilities on, a signifi-
cant Native American resource, such as a major Indian relfgious
site, or other sites of unique cultural interest.

Evaluation

Most of the Yucca Mountain site has been surveyed for cultural artifacts
by Pippin et al. (1982)., Limited test excavations were conducted 'of 178 pre-
historic and 6 historic sites (Pippin, 1984), many of which conslst of only
flakes and scattered debris. Archaeological surveys have not yet been con-
ducted along the proposed railroad corridor or along the paved road that
would be constructed to Yucca Mountain from U.S. Highway 95.

Artifacts at those sites that cannot be preserved during siting and
construction, or protected during operation will, upon approval of the Nevada
6~73
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State Historic Praservation Office, be collected and catalogued. These
artifacts, along with a record of the phyeical setting where they were found,
can then be descrilsd and displayed in museums. Thus, although some sites
may be affected by the construction of the repository, the artifacts and
information contaired at these sites will be recorded iad preserved.

Conclusion

The siting, construction, and operation of the 1epository are not
2xpected to have an effect on significant Native Amer.c2n resources or unlque
cultural resources In this region. Although some a; haeological and
historical sites may be affected by the construction of the repository, the
Nevada State Historical Preservation Office will be f{anformed before construc~
tion begins so that artifacts at these sites can be coliected and catalogued.
Therefore, the evidence indicates that this potentially adverse condirion is
not present at Yucca Mountain,

(6) Presence of critical habitats for threatenec or endangered .
species that may be eompromised by the repository or its support
facilities. _ i

Evaluation

Surveys to date indicate that no threatened or endangered plant or:
animal species, or their critical habitats, occur in the Yucca Mountain area,
although a State protected specias i8 found in the area.

Two species found in the Yucca Mountain area (0O'Farrell and Collins,
1983) are currently under review by the USFWS as candidates for inclusion in
the Federal 1list of threatened species. They are the Mojave fishhook cactus
(Sclarocactus polyancistrus) and the desert tortoise (Gopherus agassizii).
The desert tortoise is also a State protected specles and is designated as a
rare species. Also, preliminary analyses show that the desert .tortolse.
population in the Yucca Mountain area is low in comparison with other areas
in the southwestern Dnited States (0'Farrell and Collins, 1983)., During
repository construction and operation individual tortoilses may be tramnsported
from the disturbed areas to remote undisturbed locations. The survival of
these relocated animals, however, 1s uncertain, and some of the habitat for
the species would be destroyed during repository counstruction. Efforts
consistent with economic and safety considerations will be made to avoid
dense populations of the cactus and important habitats for the tortoise. The
technique for relocating tortoises will be invegtigated further before any
relocation occurs.

As discussed in the evaluation of potentially adverse condition 3,
several species have been listed as threatened or endangered; and others in
Ash Meadows have .been proposad for future listing. Anslyses of studies by
Dudley and Larson (1976) and Waddell (1982) suggest that repository siting,
construction, operation, and closure at Yucca Mountain should not affect the
outflow of the springs in Ash Meadows. Water supplies for the repoaitory
will not be drawn from the ground-water basin that feeds. the springs.
Existing land—use restrictions in the area surrounding the springs and in the
ground~water basin that supplies the springs should prevent indirect impacts
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on the water supply from workers moving into the area and also should help to
protect the habitate »f the proposed endangered species.

Conclusion

The siting, construction, and operation of a reprsitory and its
supporting facilitie: are not expected to have a signifi.ant adverse effect
on the Mojave fishhuok cactus, the desert tortoise, or the Ash Meadows
ecosystem, In addition, present land-use restrictione in Ash Meadows and
regulation of the surrounding ground-water basin will nelp to protect the
habitat of the endang:red specles found there. There.cie, the evidence

indicates that this potentially adverse condition 1s not present at Yucca
Mountain.

6.2.1.6.,5 Disqualifying conditions

There are three disqualifying conditions with regard to environmental
quality. The disqualifying conditions in this guideline (stated below) are
evaluated together to avoid repetition. Separate conclusions are given for
each disqualifying condition,

Any of the following conditions shall disqualify a site:

(1) During repository siting, construction, operation, clo-
sure, or decommissioning, the quality of the environment in
the affected area could not be adequately protected or pro-
jected environmental impacts in the affected area could not be
mitigated to an acceptable degree, taking into account
programmatic, technical, social, economic, and environmental
factors.,

(2) Any part of the restricted area or repository support
facilities would be located within the boundaries of a
component of the National Park System, the National Wildlife
Refuge System, the National Wilderness Preservation System, or
the National Wild and Scenic Rivers System.

(3) The presence of the restricted area or the repository
support facilities would conflict irreconcilably with the
previously designated resource-preservation use of a component
of the National Park System, the National Wildlife Refuge
System, the National Wilderness Preservation System, the
National Wild and Scenic Rivers System, or National Forest
Lands, or any comparably significant State protected resource
that was dedicated to resource preservation at the time of the
enactment of the Act.

Evaluation
The adverse environmental impacts that may be assoclated with the

siting, construction, operation, closure, and decommissioning of a repository
at Yucca Mountain are thoroughly described in chapters 4 and 5. The major
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impact associated with site-characterization activities would be the dis-
turbance of approxfmately 285 hectares (705 acres) of wiidlife habitat. The
impacts related ¢~ the repository include (1) the disruption of over

680 hectares (1,68" acres) of desert habitat, (2) fugitive-dust emissions,
(3) vehicle emlssi-ns, and (4) radiation releases duriag the excavation and
the operation of the repoaltory and possibly from n~ecidents at the
repository,

Approximately 680 hectares (1,680 acres) of land vill be cleared for the
repository and for the supporting transportation fac*lities in southeran
Nevada, Surveys to date (O'Farrell and Collins, 1! 83) indicate that no
threatened or endaniered plant or animal species, or t=~eir critical habitats,
occur in the 'mmediate area of the Yucca Mountain site. However, the Mojave
fishhook cactus (Sclerocactus polyancistrus) and the desert tortoise
(Gopherus agassizil), which are found in the Yucca Mountain area, are
currently under review by the U,S., Fish and Wildlife Service (USFWS) as
candidates for inclusion in the Federal list of threatened species.

The desert tortoise 18 also a State protected species and is designated as a
rare species., Preliminary analyses show that the desart tortoise population
is low in the area of the Yucca Mountain site. Teus of thousands of acres of
undisturbed habitat will surround the repository site. During repository
siting, construction, operation, and closure, individual tortolses may be
transported to remote undisturbed locations. Where possible, populations of
the cactus and locations of known tortoise habitat identified during
preconstruction surveys will be avolded.

Fugltive~dust emissions will result from surface preparation, exca-
vation, and the manipulation of the excavated soil and rocks during siting,
construction, operation, closure, and decommissioning. Dust emissions will
also result from the disturbance of approximately 486 hectares (1,200 acres)
during the construction of a rall line to the repository and the disturbance
of 79 hectares (195 acres) during construction of an access road from U.S.
Highway 95. During repository construction, the emisaion rate and predicted
impacts for particulates, carbon monoxide, and oxides of sulfur and nitrogen
are not expected to exceed the air-quality limits of 40 CFR Part 50 (1983) at
the boundary of the controlled area. Table 5-14 and Section 5.,2.5 discuss
pollutants expected from repository construction, assuming no dust-
suppression measures are taken. Total suspended particulates of 130 micro-
grams per cubic meter are estimated for a ridge location, and 132 micrograms
per cubic meter are estimated for a valley location. These concentrations
are below the total suspended particulate standards in 40 CFR Part 50 (1983)
which specify that a maximum allowable 24-hour concentration of 260 micro-
grams per cubic meter should not be exceeded more than once per year.
Section 5.2.5 provides a more complete discussion of alr—quality regulations
and estimated impacts. TIf the Project 1s subject to Prevention of Signifi-
cant Deterioration provisions of the Clean Air Act Amendments of 1977, the
predicted pollutant concentrations would violate none of the applicable
standards.

The release of naturally occurring radon and decay products from the
volcanic rocks of the Yucca Mountain site will increase during repository
excavation and during the manipulation of the excavated rock and earth.
Using estimates of natural radiation in granite (DOE, 1980a), an estimate of
the release of natural radioactivity from the volcanic rocks of the Yucca
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Mountain site during construction can be calculated. Construxtion of a
repository would rwsult in an annual effective whole-body dose for a member
of the general pop-lation of less than 0.05 millirem. Natural background
radiation from all sources contributes an individual wio0le~body equivalent
dose of 0.09 rem per year (Jackson et al., 1984). Rouuine releases of radon
from the excavated rock and earth during backfilling ate expected to be
negligible. On th= basis of the above estimates, the snvironmental impacts
from radiological releases during excavation are not : :pected to be signif-
icant. Section 6.4.]1 discusses radioactive releases during normal repository
operations. The largest release 1is predicted _for k- vpton-85 (see Table
6~46), giving an air concentration of 6.3 x 10"~ curies per cubic meter which
represents only 0.009 percent of the maximum permissiule concentrations
gpecified in 1¢ CFR Part 20 (1984). Dispersion betweern the discharge point
and the site boundary would reduce the krypton-85 concentratin to below the
maximum permissible concentration specified in 10 CFR Part 20 (1984).

The surface and underground facilities at Yucca Mountain would be
located entirely on Federal 1lands currently administered by the
U.S. Department of Energy (DOE) and the Department of the Air Force, as well
as public~domain lands under the jurisdiction of the Bureau of Land
Management. None of these lands are protected for environmental reasons. A
railroad may be constructed from Dike Siding, 18 kilometers (11 miles)
northeast of Las Vegas, to Yucca Mountain. At some localities along this
proposed route, the rail line would be within a few miles of the southern
boundary of the Desert National Wildlife Range, part of which has been
administratively endorsed as suitable for 1inclusion in the National
Wilderness Preservation System. The effects exerted on the wildlife range by
construction and operation of the raillroad, even assuming that part of the
range is ultimately 1ncluded in the Wilderness Preservation System, are
expected to be insignificant because the rail line 1s not expected to cross
the range.

The boundary of the Death Valley National Monument lies 30 to 40 kilo-
meters (20 to 25 miles) west and southwest of the Yucca Mountain site. The
environmental effects of siting, constructing, operating, closing, and
decommissioning a repository at Yucca Mountain include increased use of the
monument by the construction workers and the employees of the repository.
Ash Meadows, located about 40 kilometers (25 miles) from Yucca Mountain,
contains plants and animals which have been listed as threatened or endan-
gered species by the USFWS, as well as species proposed for future listing as
threatened or endangered specles. The outflow of the springs at Ash Meadows
is not expected to be affected by the construction and operation of a reposi-
tory at Yucca Mountain because water supplies for the site will be extracted
from a different ground-water basin, as shown by the regional flow models
given by Waddell (1982). The USFWS recently purchased 5,121 hectares
(12,654 acres) of land in the vicinity of Devlils Hole and established this
land as a unit within the National Wildlife Refuge System. This action
should serve to further restrict potential land use by repository workers in
the Ash Meadows area.

The northern part of the controlled area surrounding the repository site
would be approximately 8 kilometers (5 miles) south of the Timber Mountain
Caldera National Natural Landmark. This federally designated landmark would
not be disturbed during the construction and operation of the repository.
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Furthermore, because the landmark is located within the Nellis Air Force
Range and the Nevada Test Site, access to 1t has been, and will continue to
be, restricted. The northern part of the Toilyabe National Forest is about
80 kilometers (50 wmiies) southeast of the Yucca Mountain site. It is
unlikely that this Nutional forest will be affected by rapository development
because of 1its distaace from Yucca Mountaln,

Couclusion for disgualifying condition |

On the basis of preliminary evaluations, the si:inrg, construction,
operation, closure, and decommissioning of a repository at Yucca Mountain
would not result in auy unacceptable adverse environment:i impacts that could
not be mitigated to an acceptable degree. Therefore, the evidence does not
support a finding that the site is disqualified (level 1}}.

Conclusion for disqualifying condition 2

Neither the restricted area nor the supporting facilities for a reposi-
tory at Yucca Mountain would be located within the boundaries of the National
Park System, the National Wildlife Refuge System, the National Wilderness
Preservation System, or the Wild and Scenic Rivers System., Therefore, the
evidence supports a finding that the site 18 not disqualified on the basis of
that evidence and is not likely to be disqualified (level 1).

Conclusion for disqualifying condition 3

Neither the restricted area nor the supporting facilities for a reposi-
tory at Yucca Mountain would irreconcilably conflict with the previously
designated resource-preservation use of a component of the National Park
System, the National Wildlife Refuge System, the National Wilderness
Preservation System, the National Wild and Scenic Rivers System, or National
Forest Lands, or any comparably significant State protected resource. There-
fore, on the basis of the above evaluation, the evidence does not support a
finding that the site is disqualified (level 1}).

6.2.1.6.6 Evaluation and conclusion for the qualifying condition on the
environmental quality guldelines

Evaluation

Chapters 4 and 5 provide preliminary assessments of the potential for
adverse envirommental impacts from the siting, construction, operation,
closure, and decommissioning of a repository at Yucca Mountain. These pre-
liminary studies indicate that no potentially significant adverse environ-
mental impacts that could not be mitigated to an acceptable degree should be
expected from the siting, construction, operation, closure, and decommission-
ing of a repository at Yucca Mountain. The quality of the environment during
this and future generations can be adequately protected. Estimates of
radiation releases during normal operation and worst-~case accident scenarios
provide confidence that the public and the environment can be adequately
protected from the potential hazards of radicactive-waste disposal.
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No major confiict with applicable Federal, State, and local environ-
mental requirements is expected. The adverse environmental impacts expected
from repository sgitirg, construction, operation, closure, and decommissioning
can either be avoldec or mitigated to an acceptable degrese by reasonable and
inexpensive methods. The repogitory and its supporting rscilities, including
a rail line and roads, would not result in any signific:ant adverse environ-
mental impacts on Pecaral or State protected lands or ar' known threatened or
endangered species o: their habitats,

Conclusion

The environment cin be protected during the siting, .onstruction, oper-~
ation, closure, and decommissioning of a repository at Yuceca Mountain., No
potentially significant adverse environmental impacts hsve been identified.
The requirements specified in 10 CFR 960.5-1(a)(2) (1984) for protection of
the public and the enviroument from the potential hazards posed by the
disposal of radioactive waste are expected to be met without undue diffi-
culty. Therefore, on the basis of the above evaluation, the evidence does
not support a finding that the site ls not likely to mect the qualifying
condition for environmental quality (level 3).

6.2.1.7 Socioeconomic impacts (10 CFR 960,5~2~6)

6.2.1. 7 1 Introduction
The qualifying condition for this guldeline 1is as follows:

The site shall be located such that (1) any significant adverse
social and/or economic impacts induced in communities and
surrounding regions by repository siting, construction, operation,
closure, and decommissioning can be offset by reasonable mitigation
or compensation, as determined by a process of analysis, planning,
and consultation among the DOE, affected State and local government
Jurisdictions, and affected Indian tribes; and (2) the requirements
specified in Sectilon 960.5~1(a)(2) can be met.

The preclosure socioeconomics technical guideline is concerned with
(1) the interaction between repository-~related activities and the existing
economic, demographic, and social conditions of the area during the siting,
construction, operation, closure, and decommissioning of the repository and
(2) the reasonable mitigation or compensation for associated significant
adverse impacts.

The guideline contains  four favorable conditions,  four potentially
adverse counditions, one dibqualifying condition, -&nd ;one qualifying
condition. Table 6~11 summarizes the pertinent findings for all iconditions
except the disqualifying condition. Do ‘ !
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Table 6-11. Summary of analyses for Section 6.2.1.7; socioeconomic impacts (10 CFR 960.5-2-6)

nozmwnwon - m,

Department of mamnm< (DOE) finding

{1j

(2)

(3)

(4)

wvwhmwcm&ﬁmmmmhwﬂw.MHQMno wmeHwﬂmwn
projeci—-related populat fon changes.without
significant disruptions of commnity services
and without significant impacts om housing
supply and demand. , - )

Availability of an adequate labor force in
the affected area.

Projected net increases in employment and
business sales, improved community services,
and increased government revenues in the
affected area. B T

No projected substantial disruption of pri-
mary sectors of the economy of the affected
area.

FAVORABLE CONDITIONS

The evidence indicates that this favorable condition

is present at Yucca Mountain: projected population -
growth rates with the repository do not exceed -
historical rates; the area is expected to absorb
changes without significant impacts.

The evidence indicates that this favorable condition

is not preseat at Yucca Mountain: an adequate total
work force is expected to be available; the avail-
able work force with mining skills is expected to be
inadequate; it is possible that the available con—
struction work force may also be inadequate.

The evidence indicates that this favorable condition
is present at Yucca Mountain: the affected area is

projected to have increased employment and business

sales; community services could be improved-and
government revenues are likely to increase. .

The evidence indicates that this favorable condition
is present at Yucca Mountain: increased employdent
in the mining and construction sectors is not
expected to cause substantial disruption; results of
a preliminary study concerning the potential effect
of a repository on tourism are inconclusive.
However, analysis to date of cases examining the
relationship of safety concerms to tourism concluded
that long-term impacts were not apparent.
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Table 6-1]. Summary of analyses for Section 6.2.1.7; Socioeconomic impacts (]q CFR 960.5-2-¢) Anosnﬁscmav

. LOg mm%ﬁﬁannmndﬁmﬁcmwnoﬂwuuwmmﬁma The evidence indicateg that thig UOnm:amepw adverse
223G - on Community wmnﬁwnmm.ArocmMumnmcvvuw condition ig Not present at Yucea Mountain. service
and mmambm..mnm nrm.MMamunmm of State ang Providers ip the arejz are expected to have the
local mocmnnsmnn.menanm in the affected - Tresources tqo deal witp oosscaun%1~mcm~ Population
area.. : . growth rates, which are Eenerally eéxpected to pe

(2) Lack of ap adequate labor force ip the The evidence indicateg that thig vo~m=nmm-% adversge

(3) Need for Hmaomwnonwlnmwmmmm Purchase o ac- me,m<wam=nm indicateg that thig vOnmnnnmgpw adverse
cuisition of water righzs, if Such righte condition ig "0t present a¢ Yueca Mountain. DOE
couid have mwmummwomuﬁ,mm<mwmm impacts on the Water righeg are expected to provide sufficient
Present or fut ure am<m~ov505n of the affecteqd water to Support Hmvomwnoww activitjeg without ag-
area, verse impactg On the rightg of other water users ip
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Table 6-11.

Summary of analyses for Section 6.2.1.7; socioeconomic impacts (10 CFR 960.5-2-6) (continued)

Condition

Department of Energy (DOE) finding

POTENTIALLY ADVERSE CONDITIONS (continued)

(4) Dotential for major disruptions of primary

tarrers of “he ecotoky of the affected area.

QUALIFYING

The site shall be located such that (1) any signi-

ficant adverse social and/or economic impacts
induced in communities and surrounding regiomns by
repository siting, construction, operation,
closure, and decommissioning can be offset by
reasonable mitigation or compensation, as deter-
mined by a process of analysis, planning, and
counsulting among the DOE, affected State and
I3p2! government jurisdictions, and affected -
Indian Tribes; and, (2) the requirements specified
in Section 960.5-1{a)(2) can be met.

The evideunce indicates that this potentially :adverse
condition is not present at Yucca Mountain: infor-
mation available to date does not suggest that the
repository is likely to have significant effects on
tourism; the expected increase in mining and con-
struction employment is not noumummﬂmm no be a major
disruption.

CONDITIOR

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): no unmitigatable significant
adverse social and/or economic effects have been
identified in preliminary design and #mpact
studies;. the DOE is committed to working with State
and local governments so that the: publici‘and the
environment are protected from the dmumnmm vommm v%
the disposal of radioactive waste.
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6¢2.1.7.2 Data relevant to the evaluation

Preliminary evaluaiions of the socioeconomic impacts of siting, con-
struction, operation, c'osure and decommissioning of a repository at Yucca
Mountain are discussed ‘n chapters 4 and 5. For purposes of this guideline,
the affected regicn 1is defined to include Nye County, where ¢he site is
located, as well as nelghboring Clark County, The U.S. Depittment of Energy
intends to consider a .arger geographic area in its studi 1 of potential
impacts, 1if Yucca Mountaln 18 nominated and approved for site
characterization. However, the socioeconomic effects preli.ted for the two
counties, where approximately 96 percent of the repository -ielated population
are expected to settle, sre indicative of the nature and ex :nt of the total
soclal and economic impact.

Informatior about the potential social and economic imnpacts of a reposi-
tory at Yucca Mountain is contained in preliminary reports (McBrien and
Jones, 1984; SAIC, 1985) describing previous and ongoing work on the regional
and local impacts, includi:. potential impacts on local tourism. The
analyses and data in those reports as well as the analyses and data presented
in chapters 3, 4, and 5 provide the basis for assessing the potential social
and economic impacts of a repositaory at Yucca Mountain.

Assumptions and data uncertailnties

The assumptions and analyses that form the basis for this evaluation
appear in detail in sections 3.6, and 4.2.2, 5.1.5, and 5.4.

6+.2¢1.7,3 Favorable conditions

(1) Ability of an affected area to absorb the project-related
population changes without eignificant disruptions. of community
services and without significant.impacts. on housing :supply -and
demand. : '

Evaluation

Detailed forecasts of community-level service capacity and housing sup-
ply and demand are not available. This evaluation considers impacts at the
county level. Subsequent analyses will consider, in more detail, impacts on
the incorporated cities in the blcounty area, and on other governmental units
reasponsible for providing public services. Although it is recognized that
the term significant disruptions may be defined differently by the U.S.
Department of Energy (DOE) and local communities, for purposes of this
analysis, county-level population changes were assumed to significantly
affect community services and housing when the total populaticn (baseline
plus rvepository-related) increase in any year exceeds that historically
experienced by the area.

In general the construction of the repository would require more workers
and thus result in greater population increases than would the siting, oper-
ation, and decommissioning. However, because of the two-stage repository
design, the construction and operation periods are expected to overlap
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3 years. The maximum number of workers (approximately 1,900) would be needed
in the sixth year of construction, which 1s also the first year of operations
(1998) (Table 5~5&). The maximum l-year percent increase 1n population would
occur during the uwacond year of construction (1994) (Table 5~47). This max-—
imum l-year increase is projected to be 3.7 percent .or Clark County and
4.0 percent for Ny« County. Without the repository, the population growth
rate between 1993 and 1994 is projected to be 3.1 per:ant for Clark County
and 2.1 percent f.r Nye County. Given previous pop:iation growth rates
(tables 3~16 and 3-15), the affected area 1s expected co be able to absorb
the repository~related population changes without sigaificant disruptions in
community services or significant impacts on housing s:ipply and demand., As
population increases, with or without the repository, ' =rtain areas of both
countles are expected to experience water-supply problems (Section 5.4.3.3).

Evaluations of the extent and significance of future impacts are made
through comparisons with past growth rates. These evainations assume either
that the historical growth did not result in significant impacts on housing
and community services or that the responsible local governments have bene-
fited from experience so that significant future impacis on community ser-
vices and housing can be avoided. It 1is assumed that the DOE would work in
cooperation with the responsible governmental entities to plan for increased
demand for community services and housing and to develop monitoring,
corrective action, and mitigation programs, which would include the provision
of financial assistance as specified by the Nuclear Waste Policy Act
(NWPA, 1983).

While past population growth provides the responsible governmental
entities and the private sector with experience in planning for, and
responding to, future growth, some impacts on housing and community services
may occur regardless of the ability of these organizations to respond. These
impacts may involve aesthetics; for example, a change in housing mix (e.g.,
more mobile homes) assoclated with growth may be regarded as undesirable by
some community residents. Such aesthetic preferences are not uniform across
communities. Individual community preferences will be explored in future
research. As appropriate, the DOE, in consultation with local officials,
would develop a plan to encourage or discourage workers from moving into
specific communities. For example, this plan might include transportation
subsidies for repository employees commuting along specific routes or the
provision of housirg.:

Conclusion

The affected area, including the Las Vegas Valley, has the ability to
absorb the repository-related population changes without significant disrup~
tions of community services and without significant impacts on housing supply
and demand. This conclusion i1s based on the assumption that no l-year
population growth rate expected during the repository project would excedd
historical population growth rates in the affected (i.e. ‘bicounty): area.
Therefore, the evidence indicates that this favorable condition 'is present at
Yucca Mountain.
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(2) Availability of an adequate labor force in the affected srea.

Evaluation

The peak number of direct workers expected during site characterization
18 273. Approximately 50 percent of those are expected tu be existing DOE
and contractor employe:s (Section 4.2.2.1.1)., The demand ‘> additional site
characterization workers from the existing work force 1s 1t expected to be
significant. At peak, the repository construction/operat. n overlap would
employ about 1,900 direct workers in 1998, One approach f.r evaluating the
adequacy of labor force is to compare the total repositor’ labor requirement
with the size of the projected baseline work force. Thiz -wumber of direct
workers is less than ! percent of the estimated bicounty w~age and salary
employment (se2 Section 5.4.1.1). This comparigon indicates that the
available baseline work force would be adequate, although the mix of skills
avallable may not adequately reflect project needs. However, baseline
projections indicate that the region will contain significant numbers of
workers with many of the skills required for a repoaltory (Section 3.6.1),

Preliminary estimates of labor requirements indicate that at the peak of
construction, the repository would increase reglonal construction employment
by about 700 workers, which is approximately 3 percent of projected baseline
bicounty construction employment in 1995 (Section 5.4.1.1), If vertical
emplacement is used, mining employment (assumed to {include mining support
workers) would inc¢rease by about 40 percent over the projected Nye GCounty
baseline in 1995, Mining employment would decline to about 400 in 1998,
This employment level would be maintained for about 20 years and represents
approximately a 23 percent increase over mining employment projected for Nye
Couaty in the year 2000, While horizontal emplacement would require about 80
percent as many mining workers as vertical emplacement, the construction work
force requirement would be about the same for both (Section 5.4.1.1), Thus,
the development of a repository would place significant demands on the local
mining sector and moderate demands on the local construction sector, Conse—
quently, many mining and some construction workers would be drawn from out-
#ide the bicounty area. The extent of this inmigration would depend ¢on the
presence of other large projects in the early 19908, the state of the
national economy at that time, and the unemployment rates in those skill
areas.

In summary, the total labor requirement of the repository appears :small
in comparison with the projected bicounty work force, However, although an
adequate baseline work force would probably be available, it is likely that
the available mining work force would be inadequate and it 1s possible that
the construction work force could be also, although to a lesser degree, Thus
the development of a repository at Yucca Mountain would lead to the
inmigration of workers with these and other skills. :

Conclusion

The work force in southern Nevada, including the Las Vegas Valley, is
sufficiently large to. site, construct, and opervate a repository at Yucca
Mountain. Although an adequate total work force may be available for a

repository at Yucca Mountain, the available work force with mining skills
would be inadequate and 1t 1is possible that the available construction work
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force may also be jnadequate. Therefore, the evidence indicates that this
favorable condition is not present at Yucca Mountain.

(3) Projected net Increases in employment and buniness sales,
improved commu:iity services, and increased governrvnt revenues in
the affected area.

Evaluation

Preliminary analyses gummarized in sections 4.2.2.1 ! and 5.1.5 indicate
that a maximum of about 700 direct and indirect jobs woi.ld be created in
southern Nevada by sile-characterization activities in the late 19808, and a
maximum of about 4,800 direct and indirect jobs would be created by the
repository congtruction and operation in 1998. The potential annual wage~
related 1increases in area income related to repositorv construction,
operation, and decommissioning could reach 8110 million 1in 1998 under
vertical emplacement (Table 5~45). These and other direct and repository~
induced expenditures would result ip increased State and local government tax
revenues, which may be offset by increased outlays.

This favorable condition requires increases in government revenues in
the affected area, but it does not require a positive net fiscal balance.
However, where State and local government outlays would exceed the revenue
generated by the repository, the Federal Government would take action to
provide financial assistance (Section 5.4.5). As a result, incremental State
and local government outlays would not exceed incremental revenues and might
actually be less., Additional data and analysis would be required to quantify
the potential fiscal effects and appropriate levels of financlal assisgtance.

In recent years, most community services in Clark and Nye counties have
expanded to meet the needs of the area's rapidly growing population. Thus it
is reasonable to expect that the community~services demand of repository-
related workers and their dependents would result in an increase in these
services, especially since local government revenues are expected to
inerease. It is also possible that the repository project could increase the
quality of community services. For example, old facilities could be replaced
by new facilities to serve a larger populastion, the increased population
could support more diverse community services, and facilities could be
acquired that would not otherwise be developed. Thus, the impact on the
quality of community services would not necessarily be negative and could be
positive.

In summary, preliminary analyses indicate that a repository at Yucca
Mountain would result in projected net increases in employment and business
sales and could result in improved community services and increased govern-
ment revenues in the affected (i.e. bicounty) area. It is assumed that the
DOE would work with State and local governmental entities to identify poten-
tial adverse fiscal effects requiring mitigation and that Federal financial
and technical assistance would be provided, if necessary, to offset such
potential effects. The fiscal effecte include the ‘increased spending by
State and local entities responsible for providing community services.
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Conclusion

A repository at Yucca Mountain would increase emplayment opportunities
and business sales 1. southern Nevada. Community servic«¢s. could be improved,
and government reven.es are likely to increase. There.ire, the evidence
indicates that this Favorable condition is present at Yu:rce Mountain.

(4) No projected substantial disruption of primar sectors of the
economy of the affected area.

Evaluation

A primary or basic sector of the economy is one that produces gaods sold
outside the region, Interest in such sectors stems from the assumption that
regional growth is intimately tied to the growth of primary sectors, Expan~
sion of the primary sector is assumed to result in increased pyroduction by
secondary, or support, sectors of the economy. Preliminary analyses indicate
that in Clark and Nye counties, the important primary sectors are tourism and
mining, respectively. Employment impacts of selte characterization on these
sectors are expected to be insignificant.

Even though repository-related increases in population may have a small
positive effect on tourism, analyses to date have investigated only potential
negative impacts. Preliminary results to date concerning the potential
effect of repository operation on tourism are inconclusive (Section 5.4.1.,6).
However, preliminary analyses of cases examining the relatlonship of nuclear
and non~nuclear safety concarns to tourism concluded that long term ilmpacts
on tourism were not apparent. Because of public concern about jimpacts on
tourism, the importance of the tourism sector to the local and State
economies, and the preliminary nature of the available data, this issue will
be the subject of continued research.

Under vertical emplacement, repository mining employment would increase
from a 1993 level of about 105 to a peak of about 630 in 1995 and 1996. This
would represent nearly a 40 percent increase over projected Nye County
baseline mining employment in 1995. Repository mining workers would be
sustained at about 400 from 1998 to 2018. This number of workers would
represent about a 23 percent increase over mining employment projected for
Nye County in the year 2000 (see Section 5.4.1.1). Thus, the impact of the
repository on mining employment 1s considered to favorably affect this
primary sector of the economy. However, there may be secondary disruptive
impacts due to worker relocation or increased labor costs.

Conclusion

The primary sectors of the economy in southern Nevada are tourism and
mining. The employment impacts of site characterization on these sectors are
expected to be insignificant. Information available to date does not suggest
that the repository construction and operation would significantly affect
tourism. Construction and operation of a repository would significantly
increase. employment in mining. Therefore, the evidence indicates that this
favorable condition is present at Yucca Mountain,. ;
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6.2.1.7.4 Potentially adverse conditions

(1) Potentirl for significant repository-related impacts on
community services, housing supply and demand, ar< the finances of
State and local government agencles in the affectid area.

Evaluation

In evaluating this potentially adverse conditior, cthe U.S. Department of
Energy (DOE) conducted a coarse screening so that detsiled studies would not
be undertaken for eites which ultimately would not t- chosen for site
characterization. Detalled quantitative information oun current and projected
levels of commu.nity services is not readily available. However, repository-
related population growth rates are indirect indicators of the potential for
community services and housing impacts. Qualitative information can also be
used to evaluate serxvice providers' potential capabilities to accommodate
repository~related population growth. By limiting the analysis of this
potentially advers: condition to estimated population growth rates with the
repository, and qualitative Information on community service providers, it
was possible to use readily available information and avoid giving a false
impression of precision, which could result from combining a more sophis-
ticated snalytical approach with insufficient data.

If service providers are unable to furnish, in a timely manner, the
services and housing required by residents of the communities 1in which
repository-related workers are expected to settle, impacts may be perceived
by those residents. Generally, community services in the unincorporated
towns nearest the repository site (i.e. Amargosa Valley, Beatty, Indian
Springs, and Pahrump) are not provided by town governments. Instead,
services are provided by the Nye and Clark county commissions, county-wide
agencies (e.g. the Nye and Clark county school districts), local special
purpose districts (e.g. the Beatty Water and Sanitation District), and
voluntary organizations (e.g. Amargosa Volunteer Fire Department). With only
a few exceptions, water in the unincorporated towns near the repository site
is supplied by private wells and waste water is disposed in private septic
tanks and leach fields (sections 3.6.3.3 and 3.6.3.4).

Housing in rural southern Nevada 1s provided almost entirely by the
private sector, Ample land for expansion of housing is available in the
rural towns closest to the repository site. In Indlan Springs, for example,
where most of the housing stock consists of mobile homes, the most recent
land use plan for the community allows for approximately a fourfold increase
in residential land use, much of it at higher densities than at present
(Clark County Department of Comprehensive Planning, 1980).

Repository~related population increases during site characterization are
not expected to significantly affect community services. The l-year growth
rate of the total population with the repository (i.,e., baseline populationm
plus estimated repository-related population) is used in this analysis of
repository construction, operation and decommissioning. The total population
growth rate is defined as the percentage change in the total population in
l-year relative to that in the previous year. These growth rates vary with
changes in the number of direct workers (shown in tables 5-5a and 5-5b). ‘In
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the absence of detailed baseline community population forecasts, 1t was
assumed that each ~ommunity would retaln its base year share of the county
population shown i.. tables 3-15 and 3~16 (population walues for years not
shown in those tab.es were estimated by linear interpolation)., Because of
community populati.n data availability, the base years for Clark and Nye
county communities were 1980 and 1984, respectively (See Clark County
Department of Com;cehensive Planning, 1983; and Smit» s&nd Coogan, 1984).
Indian Springs, ir Clark County, was assumed to retalr its 1980 share of the
civilian population, and the number of military perso-nel were assumed to
remain at the level estimated for 1980.

For purposes ot this analysis, communities were grouped according to
community ZIP code data reported by recent Nevada Test Site (NTS) workers and
summarized in Table 5-26., Percentages reported in thet table were used to
estimate the size of the vertical emplacement reposiiory~related maximum
population increase (shown in Table 5~47) expected t3 settle in each
community, This method 1s similar to that used in Section 4.2.2.2 to
estimate the size of the maximum site-characterizaticn-related population
expected to settle in each community. The historical population used in that
analysis, and shown in Table 4-5, 1is the base year population used in this
analysis.

The maximum l-year growth rate of the total community population with
the repository (i.e., baseline population plus estimated repository-related
population) was used as an indicator of the potential for impacts on com-
munity services, housing, and fiscal conditions, since these depend directly
or indirectly on population., This maximum rate occurs between 1993 and 1994.
Maximum l-year community population growth rates have been estimated to be:
3.7 percent in unincorporated urban Clark County and Las Vegas, 3.9 percent
in North Las Vegas, 13.2 percent in Indian Springs, 3.6 percent in Henderson,
3.3 percent in Boulder City, 5.0 percent in Pahrump, 4.1 percent in Tonopah,
2.4 percent in Beatty, and 2.5 percent in Amargosa Valley.

Growth rates estimated above for the urban areas of Clark County are
generally within the range of those experienced historically (approximately
2.7 to 13.2 percent) by those urban communities (DOC, 1981) and their
municipal service providers. Section 5.4.5 indicates that fiscal effects of

community service impacts in these areas are expected to be observable, yet
insignificant.

In Amargosa Valley and Beatty, town government consists of advisory
councils., Indian Springs has a town advisory board and Pahrump has recently
established a towa board. Governmental organizations in these unincorporated
towns have limited powers and resources related to community services.
Although community~specific service and housing demands could increase at
rates proportional to the maximum l-year community population growth rates
presented above, the potential impacts would be mainly on county-wide service
providers that are more likely to have resources for managing growth.

Conclusion

Negative impacts on community services, housing supply and demand, and
the finances of State and local government agencies in the affected area are
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not expected to be sianificant for repository siting, comstruction, opera-
tion, and decommissioring. Although community~specific service and housing
demands could increas: at rates proportional to the maximum l-year community
population growth ratus estimated with the repository, these rates are
generally within the range of those experienced historically by the urban
communities and their wmunicipal service providers. Becsuse the unincoxr-
porated towns neares: the Yucca Mountain site have limit.d powers dealing
with community servicas, potential population growth in :hese communities
would generally iwpact county-wide service providers. ‘'Il'ese sarvice pro-~
viders are more likely to have resources for managing gr wih., Additionally,
the community level growth rates estimated for the uninco-porated towns are
generally within the raage of those experienced historical.y by Nye and Clark
counties (tables ?~15 and 3~16)., Ample land is available for housing in the
rural communities closest to the Yucca Mountain site, Tharefore, the evi-

dence indicates that this potentially adverse condition ia not present at
Yucca Mountain.

(2) Lack of an adequate labor force in the affected arca.

Evaluation
The availability of an adequate labor force in the affected area is
discussed under favorable conditlon 2. . :

Conclusion

Although an adequate total work force would probably be available for.a
repository at Yucca Mountain, the available mining work force would be inade-
quate and 1t is possible that the construction work force could be alsgo,
Therefore, evidence indicates that this potentially adverse condition. is
present at Yucca Mountalun.

(3) Need for repository-related purchase or acquisition of water
rights, if such rights could have significant adverse impacts on
the present or future develqpment of the affected area.

Evaluation

According to preliminary analyses, the repository will require about
432,000 cubic meters (350 acre-feet) of water per year over a 32-year perilod
which includes the comstruction period and the emplacement phase assuming
vertical emplacement (Morales, 1985). This rate and quantity of withdrawal
should not impinge on known water rights and should not affect other water
users in the region (see favorable condition 2 in Section 6.3.,1.1). The
Alkali Flat-Furnace Creek Ranch ground-water basin in which Yucca Mountain is
located contains no major developments or population centers that would
compete with the repository for ground water. Analyses to date conclude that
gufficient water to support the repository can be obtained from new: or

existing wells at the NTS (Section 6.3.3.3) for which the DOE has existing
water rights.

.Secondary effects on local water systems from the increased demand asso-

ciated with population increases are expected to be minimal. - Land-~use.:
restrictions through the granting of water permits by the Office of the State
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Engineer of Nevads v1ll also help to plan for and to minimize effects on
local aquifers., Sone communities mey require financial or technical assis-
tance to expand their water delivery systems to meet demands of repository
related population prrowth. The Las Vegas valley 1s projected to have water-
supply problems by the year 2020, even without the pr,ulation 1ncreases
resulting from development of the repository (Section 5.4.3.3). Local
officials are evalu.ting alternatives to alleviate this problem.

Conclusion

Preliminary analyses of water supply and demand indicate repository-
related water use wiil not have significant adverse iz -acts on present or
future development in the region surrounding Yucca Mount:zin., Therefore, the
evidence indicates that this potentially adverse condition is not present at
Yucca Mountain.

(4) Potential for major disruptions of primary sectors of the
economy of the affected area.

Evaluation

The absence of any projected substantial disruption of the primary
sectors of the economy of the affected area 1s discussed under favorable
condition 4,

Conclusion

The primary sectors of the economy in southern Nevada are tourism and
mining. Information available to date does not suggest that the repository
is 1likely to have significant effects on tourism. It would increase employ-
ment in construction and significantly increase employment in mining. This
increase 1is not considered to be a major disruption. Therefore, the evidence
indicates that this potentially adverse condition 1s not present at Yucca
Mountain.

6.2.1.7.5 Disqualifying condition

A site shall be disqualified if repository construction, operation,
or closure would significantly degrade the quality, or signifi-
cantly reduce the quantity, of water from major sources of cffsite
supplies presently suitable for human consumption or crop irriga-
tion and such impacts cannot be compensated for, or mitigated by,
reasonable measures.

Evaluation

Repository construction, operation, and closure would increase water
consumption through water use at the repository and the use of water by the
inmigrating population. The effects of this water use are described -in
gections 5.2.2 and 5.4.3., Because the climate is arid and the water table is
deep (mere than 200 meters (656 feet) below the repository horizon), it is
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extremely unlikely that repository activities could degrade the quality of
ground water in the Yucca Mountain region,.

Ground water wculd be the repository water source (see Section 5,1), and
competing requiremerts for ground-water use have been ccugldered. Surface
water has not been considered for repository or domestis use, because it is
not generally availeble in this arid region. Well J~1? and the proposed
locatlons of reposi. ory surface facilities are on the N-rada Test Site. If a
repository is developed at Yucca Mountain, a permanent i1and withdrawal will
be necessary, 1n accordance with the Federal Land Poli:y and Management Act
of 1976. Reservation of water rights is explieit in t'e withdrawal, as
described in the guldeline on site ownership and control (Section 6.2.1.3).
The Office «f the State Engineer of Nevada has prepared a series of water
planning reports, and the second report of the series includes estimates of
water withdrawals and consumption by counties and hydrographic regions
(0Office of the State Engineer, 1971). These estimates provided a basis for
projecting future water requirements in Nevada. Estimates of water require-
ments for the construction, operation, decommissioning, and closure of the
repository are based on preliminary conceptual designs, For the first 32
years of repository construction and operation, it is estimated that an
average of about 432,000 cubilc meters (350 acre-feet) per year of water will
be used (Morales, 1985).

The regional effects of withdrawing ground water for a repository at
Yucca Mountain are expected to be negligible. Thordarson (1983) reports that
the water level in Well J-13 has remained essentlally constant after long
periods of pumplng between 1962 and 1980Q. The large volume of water produced
from this well, along with the evidence of only minocr drawdown during pumping
tests, suggests that the aquifers uaderlylng Yucca Mountain can yleld large
quantities of ground water for long periods of time without lowering the.
regional ground-water table.

Municipal water-supply systems for Nye County and Clark CGounty com-
munities are detailed in Section 3.6.3.3. At present, the size of municipal
and private utility systems in most communities near Yucca Mountain appears
adequate for current population levels. Several communities have plans for
improvements that will require a number of years to complete, such as new
wells and water distribution and sewer lines. These plans were designed to
accommodate projected baseline growth 1in the 1immediate wvicinity of the
communities., The major problem presently associated with the expansion of
water systems 1s identifying additional potable-water sources and obtaining
adequate development capital. '

According to an investigation sponsored by the State of Nevada (State of
Nevada, NDCNR, 1982), there are both legal and technical uncertainties -as to
the ability of existing sources to meet the water-supply needs of the Las
Vegas valley beyond the year 2020, or when the population reaches about
1 million people, 1f present rates of water use continue. The increase in
water demand due to repository~related population growth may slightly
accelerate the time when present sources become inadequate. The analyses in
Section 5.4.2 and 1in favorable condition 1 in this section, indicate that .a
maximum l-year population growth rate of about 3.7 percent is expected for
Clark County and 4.0 percent is expected for Nye County with the repository.
These population growth rates associated with the repository are wiithin the
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range of those experiecuced historically in the bicounty area, and are not
likely to significantly aggravate the water—-supply situation,

Conclusion

The projected population increases associated with ti. repository con-
gtruction and operati.: are relatively small. HKowever, pidpzr planning is
needed to ensure that the expansion of water supplies oc::rs in a timely
manner. The Nuclesr Waste Policy Act (NWPA, 1983) provide:. for finanical and
technical assistance, which could enable local communit’'e:. to prepare for
increased growth. Repoaitory construction, operation, o. closure would not
significantly degrade tie quality, nor would water use aut ‘clated with the
repository signifi:antly reduce the quantity of water from major sources of
offsite supplies presently suitable for human consumption or crop irrigation.
Therefore, the evidence does not support a finding tha: the site is
disqualified (level 1).

6e2¢1.7.6 Evaluation and conclusion for the qualifying cnndition on the
socioeconomic impactas guideline ;

Evaluation

An analysis of the adverse impacts of locating a repository at Yucoa:
Mountain must consider the following areas: significant adverse impactson-
labor; on the primary or basic sectors of the economy; on direct and indirect
employment and business sales; on competition for water resources; on com-
munity services; on housing supply and demand; and on public~agency revenues
and expenditures. It is assumed that the U.S. Department of Energy (DOE)
will take reasonable mitigative or compensatory action under the provisions
of the Nuclear Waste Policy Act (the Act) of 1982, if it 1s neaded in these
areas (NWPA, 1983).

As discussed in Section 5.4, preliminary analyses of labor demand,
materials and resources, income, and land use reveal no potentially signi-
ficant adverse 1mnacts. It is expected that impacts on State and local com-
munlity infrastructure discussed in Section 5.4 can be offset by reasonable
mitigation or compensation under the financial and technical assistance pro-
visions of the Nuclear Waste Poliecy Act (NWPA, 1983). The DOE malntains a
commitment to consult and cooperate with responsible State and local govern-
ments in identifying specific areas where adverse 1mpacts could occur and in
developing appropriate measures of corrective action and mitigation (includ-
ing mitigation by avoidance). Ongoilng research and analysis of potential
impacts on tourism will further assess the potential for adverse effects of a
repository at Yucca Mountaln. TFurther research will examine the potential
for impacts on soclal structure and organization including social problems,
culture and lifestyle, and on overall quality of life:. No unmitigable sig-
nificant adverse impacts have been identified in any of these areas.

A summary of the evaluation to date of the socloeconomic impacts of
repository siting, construction, and operation, 1s given in chapters 4 and 5.
Future eocioeconomic evaluations that are discussed below will be undertaken
if the Yucca Mountain -site is approved for site characterization. The:DOE
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will establish a monitoring program to validate the expecied socloeconomic
impacts of site chara:terization presented in Chapter 4, and identify
mechanisms by which th¢ DOE would determine appropriate aud timely corrective
actlon for any unexpecced significant adverse social and economic impacts
that are identified by that monitoring program. More d:talled studies
regarding baseline socioveconomic conditions identified in ULhapter 3, and the
effects of repogitery construction, operation, decommissi:ning, and closure
presented in Chapter % will be undertaken in preparation : ~ an environmental
impact statement. If the Yucca Mountain site 1s selected ror development of
a repository, plans to monitor repository activities an’ witigate socio—
economic impacts would be developed in consultation witr. 5tate and local
governmental representatives., As more specific system—-de.:ign information
becomes availlable .r as impact issues are ralsed, other means of protecting
the socioeconomic welfare~--the aggregate well-being of area residents--of the
general public in the affected area will be identified.

Conclusion

The siting, construction, operation, decommissioning, and closure of a
reposltory at Yucca Mountain are not expected to generate any significant
adverse socloeconomic effects on the surrounding region that cannot be offset
by reasonable mitigation or compensation through a process of planning,
analysis, and consultation among the DOE, the affected State, and local
governmental jurisidictions. This assessment is based on preliminary design
and impact studies. Therefore, on the basis of the above evaluation, the
evidence does not support a finding that the site is not likely to meet the
qualifying condition for socioeconomic impacts (level 3).

6.2.1+8 Transportation (10 C?R 96045-2~7)

6.2.1.8.1 1Introduction
The qualifying condition for this guideline is as follows:

The site shall be located such that (1) the access routes
constructed from existing local highways and rallroads to the
site (i) will not conflict irreconcilably with the previously
designated use of any resource listed in 960.5-~2-5(d)(2) and (3);
(ii1) can be designed and constructed using reasonably available
technology; (iii) will not require transportation system components
to meet performance standards more stringent than those specified
in the applicable DOT and NRC regulations, nor require the
development of new packaging containment technology; (iv) will
allow transportation operations to be conducted without causing an
unacceptable risk to the public or unacceptable environmental
impacts, taking into account programmatic, technical, socilal,
economic, and environmental factors; and (2) the requirements of
Section 960.5~1(a)(2) can be met,

The objective of the preclosure transportation technical guideline is to
ensure that proper consideration is given to the transportation of waste to a
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repository site, #s it could affect the health and safety of the public, the
environment, and the cost of waste disposal, Areas of concern include
(1) the constructio: of access routes from existing local highways and rail-
roads to the site; i2) the improvement and use of existing local highway and
railroad networks; {3) projected risks, costs, and othir impacts of waste
transportation; and {4) compliance with applicable Fede'sl, State, and local
regulations.

The guideline contains nine favorable conditions, four potentially
adverse conditions, and one qualifying condition. A ~u.mary of the evalu-
atlons that follow 1s given in Table 6~12.

6.2.1.8.2 Data relevant to the evaluation

Preliminary design drawings and cost estimates have been used as the
basis for evaluating proposed access routes to the Yucca Mountain site from
existing regional lighways and mainline railroads. A Bureau of Land
Management wilderness status map (BLM, 1983) was used to assess the location
of these routes in relation to land ownership and resource areas addressed in
Section 6.2.1.6, disqualifying conditions 2 and 3,

Atlases published by the Nevada Department of Trausportation and Rand
McNally were used to calculate distances from the site to regional highways
and mainline railroads. Information on railroad interchange points was
provided by the Union Paclfic Railroad (Nunn, 1983). The costs and risks of
transporting radioactive wastes to potential first repository Bites in the
United States, including Yucca Mountain, are estimated in Appendix A
(Transportation).

The statutes and regulations of Nevada and adjoining states were
obtained from the legislative data base at the Oak Ridge National Laboratory
and from a report issued by the National Conference of State Legislatures
(Foster, 1983). They were compared with U.S. Department of Transportation
regulations in 49 CFR Part 177 (1983), with 10 CFR 71.5a (1984), and with
10 CFR 73.37 (1984).

Information on emergency response to accldents during radioactive-waste
transport in the State of Nevada was obtained from the State of Nevada's
Radiological Emergency Response Plan (State of Nevada, Department of Human
Resources, 1983) and the U.S. Department of Energy, Nevada Operations Office
(DOE/NVO, 1985). 1Information on regional weather conditions was obtained
from publications by the U.S. Department of Commerce (DOC, 1952, 1968),
Lineham (1957), Thom (1963), Pautz (1969), Bowen and Egami (1983), Hershfield
(1961), and Quiring (1983). Information regarding road closures was -obtained
from Hil1ll (1985a,b).

The data and methods used to estimate the radiological impacts are
described in Appendix A (Transportation). The appendix also describes the

computer program used to calculate the impacts and thé routing models used to
postulate highway and rail travel routes and distancées.
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Hmvum 6-12. Summary of analyses for Sectionm 6.2.1.8; nﬂmwmvonn&wmds (10 CFR oo@«wWNIQV.

Condition

cmvmﬂnamrmWOm Energy Acmmwwmusamsmf

_FAVORABLE CONDITIONS = @ - © :

€1y avzi ;o Lilit, X access routes from local
existing uigiways and railroads tc the site

‘which have any of the following characteris-—

ties.

(1) Such routes are relatively short and
economical to comstruct as compared
to access routes for other comparable
siting optiomns.

(ii) Federal condemnation is not required
to acquire rights—of-way for the
access routess. )

(iii) Cuts, fills, tunnels, or bridges are
aot required.

" {iv) Such routes are free of sharp curves
or steep grades and are mot likely to
be affected by landslides or rock-
slides.

{v) Such routes bypass local cities and
towns.

(2) Proximity to local highways and railroads that

provide access to regional highways and rail-
reads ard are adequate tc serve the repository
without significant upgrading or reconstruc-
tion.

¢

[PEREN

| The evidence indicdtes that this favorable condition -
- is .present at Yucca Mountain:

the Yucca Mountaln.
site meets three out of five characteristics; osly
one is required. - S

Routes will not be relatively short and economical

to construct. s

Federal condemnatior will not be necessary.

 Minor cuts-and fills and a bridge are required along
- the access route. i i )

No sharp turns or steep wwmmmm mnmwwmncwnmww.ﬂoanmm

" will avoid areas likely to be affected by landslides

or rockslides.

Access routes will bypass cities and towns.

The evidence indicates that this favorable condition

is present at Yucca Mountain: the local transporta—
tion infrastructure will .not require upgrading or
reconstruction. .
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Table 6~12. Summary of analyses for Section 6.2.1.8; transportation (10 CFR 960.5-2-7) (continued)

Condition

Department of Energy (DOE) finding

3

%)

(5

(5)

FAVORABLE CONDITIONS (continued)

Srewiglity reglonal highways, mainline rail-

rosds, iniand waterways that provide access
to the national transportation system.

Availability of a regional railroad system
with a minimum number of interchange poirnts
at which train crew and equipment changes
would be required.

Total projected life-cycle cost and risk for
the traasportation of all wastes designated
for the repository which are significantliy
lower than those for comparable siting
options, considering locations of present
and potential sources of waste, interim
storage facilities, and other repositories.’

Availability of regional and local carriers—-—
truck, rail, and water——which have the capa-
bility and are willing to handle waste ship-
ments to the repocitory.

The evidence indicates that this favorable condition
is present at Yucca Mountain: an access road pro-
vides direct access to the regicnal system, and a
rallspur provides direct access to the mainline
railroad.

The evidence indicates that this favorable condition
is present at Yucca Mountain: a minimum number of
interchange points exists for crew and equipment
changes.

The evidence indicates that this favorable condition
is not present: cost and risk are not significantly
lower than those for comparable siting optionms.

The evidence indicates that this favorable corndition
is present at Yucca Mountain: the Union Pacific
Railroad is a regional carrier, local carriers will
have the capability of supporting coustruction-
related activities, and national or multiregional
carriers will be deployed for waste shipments.
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Table 6-12.

Summary of analyses for Section 6.2.1.8; transportation (10 CFR 960.5-2-7) (continued)

Condition

Department of Energy (DOE) finding

FAYORABLE CONDITIONS {continued)

(7) Absen<. 2f iegai impediment with regard te
compliance with Federal regulations for the
transportation of waste in or through the
affected State and adjoining States.

(8) Plans, procedures, and capabilities for
response to radioactive-waste tramsportation
accidents in or through the affected State
that are completed or being developed.

(9) A regional meteorological history indicating
that significant transportation disruptions
would not be routine seasonal occurrences.

The evidence indicates that this favorable condition
is present at Yucca Mountain: existing State and
local regulations considered to be impediments are
preempted by Federal regulations, unless allowed to
stand by the U.S. Department of Transportation, or
the Federzl judicial system.

The evidence indicates that this favorable condition
is present at Yucca Mountain: the State of Nevada

and the DOE have plans, procedures, and capabilities
for responding to accidents from transporting radio—

active wastes.

The evidence indicates that this favorable condition
is vﬂmmmsn at Yucca Mountain: southern Nevada has
one of the lowest mnmncmanwmm of occurrence of
severe weather in the United mnmﬁmw. and mwmuwmmnmnn
transportation mwmncvnwonm due to routine or sea-
sonal severe weather conditions are not expected.

POTENTIALLY ADVERSE CONDITIONS

(1) Access routes to existing local highways and
ratliroads that are expensive to counstruct
relative to comparable siting options.

The evidence indicates that this potentially adverse
condition is present at Yucca Mountain: the length
of the railroad spur and the bridge over Fortymile
Wash cause the construction cost to be high rela-
tive tc comparable siting options.
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Table 6—12. Summary of analyses for Section 6.2.1.8; transportation (10 CFR 960.5-2-7) (continued)

Condition

Department of Energy (DOE) finding

3)

(4)

POTENTIALLY ADVERSE CONDITIONS (continued)

iei..'n Brtween the site and existing lecal
highways and railroads such that steep
grades, sharp switchbacks, rivers, lakes,

- 1landslides, rockslides, or potential sources
of hazard to incoming waste shipments will be
encountered along access roads to the site.

Existing local highways and railroads that

could require significant reccastruction or
upgrading to provide adequate routes to the
regional and national tramsportation system.

Any local cuadition that could cause the
tr=aspertation-related costs, environmental
impacts, or risk to public health and safety
from waste transportation operations to be
significantly greater than those projected
for other comparzbie siting options.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: the
terrain slopes gently on road and rall access so
that no sharp curves or steep grades are required;
no hazards to waste shipments have been identified.
No surface water is present between the site and
existing highways and railroads and areas of
expected landslides or rockslides will be avoided.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: the
railspur will provide direct access to the national
railroad system; the access road will link the site
to U.S. Highway 95, a regional highway, therefore mno
upgrading of local highways and railroads will be
required.

The evidence does not support the conclusion that
this potentially adverse condition is not present at
Yucca Mountain: as presently configured the pro-
posed raill spur will pass close to a U.S. Air Force
bombing range which could possibly increase the risk
compared to other siting options. Consequently,
this potentially adverse condition is preseant at
Yucca Mountain.
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Table 6~12.

Summary of analyses for Section 6.2.1.8; transportation (10 CFR 960.5-2-7) (continued)

Condition

Department of Energy (DOE) finding

QUALIFYING CONDITION

The eira kol ye lecared sudd

f-R LR

that (1) the access
routes con~’ .ucted from existing iocal highways
and railroads to the site (i) will not conflict
irreconcilably with the previously designated use
of any resource listed in 960.5-2-5(d)(2) and (3);
(i1) can be designed and constructed using reason-—
ably available technology; (iii) will not require
transportation system components to meet perform
ance standards more stringent than those specified
in the applicable DOT and NRC regulatioms, nor
require the development of new packaging contain-
ment technology; (iv) will allow transportation
operations to be conducted without causing an
unacceptable risk to the public or unacceptable
environmental impacts; taking intc account pro-
grammatic, technical, socizal, economic, and
enviroamental factors; and (2) the requirements

of Section 960.5-1(a)(2) can be met.

Existing information does not support the finding
that the site is not 1likely to meet the qualifying
condition (level 3): Yucca Mountain has adequate
year-round access to transportation routes whose use
will not conflict irrecoancilably with the previously
designated land use or land dedication to resource
preservation; all routes can be constructed with
reasonably available technology without excessive
cost; transportation-system components will not be
required to meet standards greater than applicable
DOT and NRC regulations; no unacceptable enviroa-
mental radiological or nonradiological risk to the
public or environment from transportation operations
is expected.
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Assumptions, data uncertainties, and consistency

In order to ensire that all sites were evaluated iz a consistent manner,
a common set of criteria were developed by the U.S. Department of Energy
(DOE). Where possilbie, the criteria were quantified (.opendix A). These
criteria will be identifled as required in the following sections to explain
the positions taken

Information on the costs and risk of transporting vastes to the Yucca
Mountain site along highways and rail lines must be r givded as best esti-
mates only in view of the preliminary nature of the trapsportation studies,

6+2+,1.8,3 Favorable conditions

(1) Availability of access routes from local existing highways and
railroads to the site which have any of the following character-
istics:

(1) Such routes are relatively short and economical to consfruct as
compared to access routes for other comparable siting options.

Evaluation

Highway access to the Yucca Mountain site would originate at
U.S. Highway 95 approximately 1 kilometer (0.5 mile) west of the Town of
Amargosa Valley and extend about 25 kilometers (16 miles) northward to the
site. The proposed rail line would originate from the Union Pacific line at
Dike Siding, 18 kilometers (1l miles) northeast of downtown Las Vegas, and
would extend approximately 161 kilometers (100 miles) to the site. Access
road costs are estimated at $12.,5 million (1984 dollars). Raill and bridge
costs are estimated at $151 willion (1984 dollars). For the purpose of
interpreting this favorable condition, the DOE established criteria of
16 kilometers (10 miles) and $10 million as relatively short and economical.

Conclusion

Yucca Mountain does not possess this characteristic of the favorable
condition,

(i1) Federal coﬁdemnétion,is,not'required to acquire rigptsrof~w4y,'n
for the access routes,

Evaluation

Except for Dike Siding, the proposed rail access route and the access
road are located exclusively on Federal lands administered by the DOE, the
U.S. Department of the Air Force, and public-domain lands under. the
jurisdiction of the Bureau of Land Management (sections 6,2.1,1 and 6.2.1.3).
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Conclusion

Since neither tha proposed rail nor road access routes cross any private
land, Federal condemnation will not be required. Therefore this favorable
characteristic is present at Yucca Mountain.

(i1i) Cuts, fil's, tunnels, or bridges are not requ ved,

Evaluation

The terrain along the route for both road and rail s gently sleping.
Preliminary design esiimates indicate that no tunnels an! only a minimum
amount of excavation would be required. Some minor drainage structures and a
new bridge spanning Fortymile Wash would be constructed. The construction of
this bridge presents no engineering or construction difficulties,

Conclusion

The only significant surface feature to be encountered 1is Fortymile
Wash. Because a bridge cover Fortymile Wash would have to be built, the

evidence indicates that this favorable characteristic is not present at Yucca
Mountain,

(1v) Such routes are free of sharp curves or steep grades and are
not likely to be affected by landslides or rockslides,

Evaluation

The railbed will be designed for maximum grades of 1 to 3 percent.
Curves will be limited to approximately 2 degrees, The roadbed will be
designed for a maximum grade of 3 percent and will be free of sharp curves.
Landslides or rockslides along the rail and highway access routes are
unlikely because the routes will be chosen to avoild locations with the
potential for such events,

Conclusion

The terrain for the proposed rail and road access routes is gently
sloping, no sharp curves are required, and no difficult design or engineering
problems in ensuring surface stability are expected. Therefore, the evidence

indicates that this favorable characteristic is present at Yucca Mountain.

(v) Such routes bypass local cities and towns,

Evaluation

According to preliminary design drawings, the proposed rail spur will
bypass the towns of Cactus Springs and Indian Springs, as well as the
facilities at Indian Springs Alr Force Base. The rail line will originate
18 kilometers (11 milles) northeast of downtown Las Vegas. The proposed
access road to the site will intersect U.S. Highway 95 approximately 1 kilo-
meter (0.5 mile) west of the town of Amargosa Valley. For purposes of evalu-
ating sites on the basis of this guideline, the DOE criteria for local cities
and towns are the population values estaplished in 10 CFR 960.5-2-1(c)2
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(1984) at 1,000 peopie per square mile and the associated 10 CFR 960.2
(1984), which defines » highly populated area as any placs of 2,500 or more
persons. No populaticw centers greater\than the given DDE criteria are
located along these prposed routes,

Conclusion

Information indicates that the rail and highway acc 88 routes to the
Yucra Mountain site will bypass local cities and towne: €furthermore no
population centers (as defined above) exliat along the s¢cess routes.
Therefore, the evldencs indicates that this favorable ~':aracteristic 1s
present at Yucca Mountain,

Summary conclusion for favorable condition )

Favorable condition 1 is present at Yucca Mountain. To have this favor-
able condition, only one of the characteristics need be present, As shown in
the above discussions, three of the favorable characteristics are present for
the Yucca Mountain site.

(2) Proximity to local highways and railroads that provide access
to regional highways and rallroads and are adequate to gerve the
repository without gignificant upgrading or reconstruction.

Evaluation

This favorable cbnditioh applies to local roads and rall lines from the
outer end of the access youtes to a point where upgrading is no longer
required.

The new access road to be constructed southward from the site will
provide direct access to U.S. Highway 95, a reglonal highway, and no local
highways will be used. for the repository., The rallroad spur.from Yucca
Mountain to Dike Siding, 18 kilometers (1l miles) northeast of Las Vegas,
will connect directly to.fthe national raill network.

Conclusion

No upgradihg'br reconstruction of local highways or rail lineé is
required. Therefore, the evidence indicates that this favorable condition is
present at Yucca Mountain. '

(3) Proximity to reg}onal h;ghways, mainline railroads, .or inland . .
waterways that proyide access to the national transportation

szstem.

Evaluatiqg

This favbrable Cohdition appiies to the distance bec&een the, outér end
of the access routes and the closest regional highway and mainline railroad
that would be:used. o

The access road to be constructed southward from the Yucca Mountain site

will provide direct access to U.S.uHighuaxw9S, a regional highway providing
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access to Interstate 1%, Interstate 40, and Interstate 80, all of which are
part of the national transportation system. The proposed rail spur will
connect directly to tke main Union Pacific line. This 1s a,class A main
line, which among other things means that it 1is part of the Strategic Rail
Corridor Network and therefore is part of the national net:wrk,

Conclusion

The proposed highway and rail access routes constructed from the Yucca
Mountain site will hook up directly to the regional and autional transpor-
tation systems, respectively., Therefore, the evidence 1udicates that this
favorable condition is present at Yucca Mountain.

(4) Availability of a regional railroad system with a minimum
number of interchange points at which train crew and equipment
changes would be required.

Evaluation of equipment changes

According to an cfficial of the Union Pacific Railroad (Nunn, 1983) the
Union Pacific could interchange at Ogden, Utah, with the Southern Pacific
Railroad. This may not be requiréd, however, because of the areas served
directly by Union Pacific: (1) San Francisco, California, which is served by
the recently acquired Western Pacific line; (2) the eastern United States as
far east as St. Louis, Missouri, Chicago, Illinois, and Memphis, Tennessee;
(3) the Pacific Northwest; and (4) the Gulf ports in Texas and Louisiana.
Locomotives almost always go straight through from Salt Lake City to at least
Yermo, California (both of which are transfer points), and often on to .
Los Angeles. .

Evaluation of crew changes

Crew~change 1ocations along the Union Pacific line between Salt Lake
City and Los Angeles are Salt Lake City and Milford, Utah; Las Vegas, Nevada;
aud Yermo and Los Angeles, California. The vast majority and possibly all
waste destined for Yucca Mountain by rall will travel southbound and be
diverted to the spur at Dike Siding before reaching Las Vegas. Therefore the
only rallroad crew change would be for waste being shipped in general
commerce heading northbound from southern California.

The DOE criterion for this favorable condition is the numbér of
interchange points within 200 kilometers (125 miles) of the site. Las Vegas
is the only one that will become an interchange point for waste (1f any) that
is being shipped in‘geheral commerce from California.,

Conclusion

The regional railroad system has one interchange point within 200 kilo-
meters (125 miles) of the site, which is the minimum number of interchange
points. Data for compafisgon with other siting options can be found in
Chapter 7. Therefore, the evidence indicates that this favorable condition
is present at Yucca Mountain.
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(5) Total projucted life-cycle cost and risk for trausportation of
all wastes desi.nated for the repository site which are signifi-
cantly lower th.n those for comparable siting options, considering
locations of prusent and potential sources of wars-e, interim
storage facilit:z2s, and other repositories. '

Evaluation

Projected life-cycle cost and risk for the transportation ¢f all wastes
de=ignated for the potential repository at Yucca Mount '1in are presented in
Section 5.3 and Appendix A. The data for cost and risk f~r comparahle siting
options can be found i1 Chapter 7. The long distance inv.lved in travel from
the east produce. relatively high shipping cost and risk for the Yucca
Mountain site. ‘ .

Conclusion

As cost and risk are strongly influenced by distaace, the evidence
suggests that this favorable condition is not present for Yucca Mountagilan.

(6) Availability of regional and ;ocal,carriers-—truck, rail, and
water—-which have the capability and are willing %9 hgndlg waste
shipments to the repositorny..

Evaluation

The analysis in Section 5.3 indicates that the Union Paciﬁic Railroad
has the capacity to carry the shipments associated with waete tranaport.
Waste transport by truck will be contracted for on a national or ;multi~
reglonal basis, thereby taking the burden off of local cerriere.

gpnclusion

The Union Pacific meets the qualifications of a regional carrier having
the capacity to handle waste shipments as noted in Section 5.3. Therefore,
the evidence indicates that this favorable condition is present at Yucca
Mountain.

(7) Absence of legal impediment with regard to compliance with
Federal regulations for the transportation of waste in or through
the affected State and adjoining States.

Evaluation

A legal impediment could only exist if State, local, or ﬁribal law
rendered compliance with U.S. Department of Transportation. (DOT) regulations
impossible, without being found to be preempted by the Federal judicilal
system. California time-of-day requirements and the banning of radioagtive
waste shipments in Humboldt and Marin counties as well as the recently passed
Las Vegas, Nevada, ordinance (No. 3190), are the only regulations considered.
impediments to waste shipments. However, these regulations are qonside;ed
preempted by DOT regulations until they are allowed to stand by e;qher DOT or
the Federal judiclal system.
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Conclusio&

There are no l1~gal impediments that are not considered to be preempted
by DOT regulations. Therefore, the evidence indicates that this favorable
condition 1s present at Yucca Mountain.

(8) Plans, procedures, and capabilities for re¢ “onse to radio-
active waste transportation accidents Iin the aff. ‘ted State that
are completed or being developed.

Evaluation

The State of Nevada Radiological Emergency Response Plan (State of
Nevada, Department of Human Resources, 1983) identifi:s the agencies and
individuals to be notified in the event of a radiological emergency, provides
guidance for plan participants, and establishes procedures for requesting and
providing assistance.

Through an agreement with Region 7 of the DOE, and in accordance with
the Memorandum of Understanding on responses to hazardous materials
accidents, the DOE Nevada Operations Office (DOE/NVO) is the primary contact
for coordination of the initial response to a radiological emergency in the
State of Nevada. Telephone calls are answered by the 24~hour guard station
at the main DOE office building in Las Vegas. Cards containing this number
have been distributed by the Nevada State Division of Emergency Management to
State, county, and city authorities. Duty officers assigned on a rotating
schedule ensure immediate 24-hour contact with the DOE guard station using a
beeper and can be immediately mobilized when needed. Notification procedures
of the Radiological Assistance Team are published by the DOE/NVO (1985). 1In
southern Nevada, a Radiological Assistance Team with a specially equipped
vehicle 1s also available. 1In northern Nevada, the State Emergency Response
Team, composed of State and university personnel, is responsible for
emergency response.

The capability of the DOE for responding to radiological emergencies 1s
well developed in terms of trained personnel, equipment, and facilities.
Professional personnel--including health physicists, medical specialists,
physical and biological scientists, and technical personnel such as radiation
monitors, instrumentation speclalists, and radioactive-material handlers--are
included in the Radiological Assistance Team. In addition, the team is
accompanied by a trained public-affairs person. Equipment is available for
personnel protection, transportation, communications, and radiation
monitoring; facllities are also available for biological assays, chemical
analyses, and decontamination. Regional capability includes, in addition to
the Radiological Response Cleanup Team, an Aerial Measurements Systems Group
that has the ability to rapidly assess very large land areas,

First-on-scene training courses have been developed and conducted for
ambulance operators and Nevada State law-enforcement personnel., Civil
defense radiation-monitoring kits have been given to each State highway
patrolman and selected municipal and county officers who complete the
training course. The kits are maintained regularly.
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The DOE criterior. for this favorable condition is that evidence exists
that there are plans, procedures, and capabilities.

Conclusion

The State of Newuda 1in cooperation with the DOE Nevedn Operations Office
has completed plans, procedures, and capabilities for re<usonding to accidents
during the transportation of radioactive materials. The :fore, the evidence
inlicates that this favoraple condition is present at Yucra Mountain,

(9) A regional m:teorological history indicating thst significant

transportatijon disruptions would not be routine gewsonal occur~
rences.,

Evaluation

Recorded occurrences of severe weather in Nevada include thunderstorms,
snowstorms, tornadoes, hail, and sandstorms, but the frequencies of most
events are very low., Thunderstorms have been observed on the average of
14 days per year at Yucca Flat (Bowen and Egami, 1983), 11 days per year at
Winnemucca to the north, 14 days per year at Reno to the northwest, and
31 days per year at Ely, to the northwest (DOC, 1952). Approximately 60 to
70 percent of these thunderstorms occur during the summer ssason. Tornadoes
are very rare in Nevada, with the probability of tornado striking Yucca
Mountain conservatively estimated to be 7.5 x 10 ' per year, or once in
1,333 years (Thom, 1963). Occurrences of tornadoes eclsewhere in the State
are equally rare, aud no tornado-related deaths have been reported for Nevada
for the record period from 1916 to 1953 (Lineham, 1957). Hall with a diam-
eter of 1.9 centimeters (0.75 inch) or larger was observed on 7 days in
Nevada between 1955 and 1967 (Pautz, 1969). Sandstorms are common in Nevada,
but they are rarely severe enough to affect transportation. The greatest
24-hour snowfall measured at Yucca Flat was 2! centimeters (8.3 inches)
(Bowen and Egami, 1983). Annual total snowfalls of up to 150 centimeters
(60 inches) have been observed at some of the higher elevations in the State
(DOC, 1968), but these areas are not likely to be traversed by waste-
transportation carriers,. The annual precipitation in Nevada 1is generally
low, with the northern half of the State receiving more precipitation than
the arid southern region.

Although it is not strictly a weather condition, but rather the result
of regional sporadic weather conditions, the possibility of flash flooding
will be taken into account in the design of access routes. Beatty rainfall
patterns should be indicative of the southwestern Nevada Test Site. A
24-hour precipitation event of more thaa 51 millimeters (2.0 inches) has a
recurrence period of 25 years for Beatty (Bowen and Egami, 1983). At Yucca
Flat, the statistical maximum 24-hour precipitation for 10- and 100-year
storm events is 38 and 57 millimeters (1.50 and 2.25 inches), respectively
(Hershfield, 1961). Quiring (1983) updated the 10- and 100~ year storm event
precipitation data for Yucca Flat to 45 and 68 millimeters (1.8 and
2.7 1nches) respectively. Flash floods resulting from this intense rainfall
are generally of short duration, and standard drailnage-control measures
should reduce risks to acceptable levels,
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The above data suggast that significant transportation disruptions due to
weather are rare in Jevada. This is supported by road-closure information
obtained from Hill (:985a,b), which states that

l. During 19&: there were three total closures of Interstate 15 and no
total closures of Interstate B0 due to weathe: conditions.

2. Over the past year U.S. Highway 95 between !oterstate 13 and
Interstate 80 was closed three times because .{ weather.

3. All total closurea were due to flooding.

The DOE cr.terion defines significant disruptions #»3 those that could
cause the repository not to meet its annual receipt rate.

Counclusion

Southern Nevacda has one of the lowest frequencies of occurrence of
gsevere weather in the United States, Road~closure information suggests that
transportation disruptions would not be routline seasonal occurrences and
would not adversely affect the ability of the repository to meet its annual
recelpt rate. Therefore, the evidence indicates that this favorable
condition is present at Yucca Mountain.

6.2.1.8.4 Potentially adverse conditions

(1) Access routes to existing local highways and railroads that
are expensive to construct relative to comparable sitirng options.

Evaluation

Detalls of access routes for the Yucca Mountain site are presented in
the evaluation of favorable condition 1(i). As with favorable condition
1(1), the U.S. Department of Energy (DOE) criterion for expensive con-
struction was set equal to or greater than $10 million.

Conclusion

According to the DOE criterion, Yucca Moun.ain possesses this
potentially adverse condition,

(2) Terrain between the site and existing local highways and

railroads such that steep grades, sharp switchbacks, rivers, lakes,
landslides, rock slides, or potential sources of hazard.to:incoming
waste shipments will be encountered along access roads to the site.

Evaluation

The terrain along the road and rail access routes is gently sloping, and
steep grades, sharp switchbacks, rivers, lakes, landslides, rock slides, or
other potential sources of hazard to incoming waste shipments will not be
encountered along access routes to the proposed site (see favorable condi-
tions 1(iii) and (iv)).
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Conclusion

The access roa! and rall spur will be buillt over terrain that presents
no potential hazard: to incoming waste shipments, Therefore, the evidence

indicates that thi¢ potentially adverse condition is 1.0t present at Yucca
Mountain,

(3) Existing local highways and railroads that uould require
significant reconstruction or upgrading to provide adequate routes
to the regional and national transportation system.

Evaluation

The proposed rail spur from the site to Dike Siding will provide direct
access to the national railroad system. Hence, there will be no upgrading or
reconstruction of existing local networks. The accese road will provide
access directly to the regional network (U.S. Highway 9%). Consequently, no
upgrading of local roads will be required (see favorable conditiomn 2).

Conclusion

There are no local highways and railroads connecting the Yucca Mountain
slite to the regional or national transportation system, Therefore, the
evidence indicates that this potentially adverse condition is not present at
Yucca Mountain,

(4) Auny local condition that could cause the transportation-
related costs, environmental impacts, or risk to public health and
safety from waste trangportation operations to be significantly
greater than those projected for other comparable siting options.

_Evaluation

Risk to public health and safety from tramsportation operations for
comparable siting options is addressed in Chapter 7 and in Appendix A. These
conditions are evaluated' for only the Yucca Mountain site. The population
density in the area covered by access routes to the potential Yucca Mountain
slte for rail and highway is very low, as discussed in the preclosure systenm
guideline for radiological safety (Section 6.2.2.1). There are no permanent
residents within 10 kilometers (6.2 miles) of the site. The costs are not
expected to be unreasonable for constructing either route, because the ter—
rain is generally flat or gently sloping, no tunnels need to be excavated,
and only one bridge is required. No specialized technology is required for
constructing the rail line or highway. Much of the land is already con-
trolled by the Federal Government. Enviroumental impacts from access road
and rail construction and use are expected to be minimal. However, the rail
spur as currently envisioned will pass close to a U.S. Air Force (USAF) bomb-
ing ranges in the vicinity of Indian Springs. Although there 18 no evidence
to suggest that this presents a significantly greater rigk than other com-
parable siting options, a detailed study will be conducted during site
characterization to examine the potential risk associated with the relative
location of the proposed rail spur and military activities in' the area.
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Conclusion

Since the risk associated with the proximity of the rail spur to the
USAF bombing ranges has yet to be quantified, it cannct be concluded that
Yucca Mountaln doer not possess this potentially adversa condition. Conse~
quently, the eviderce indicates that this potentially =¢verse condition is
present at Yucca Mountaiu.

€.2.1.8.5 Evaluation and conclusion for the qualifyiny ~ondition on the
transportation guideline

Evaluation

Except for Dike Siding, all the rail and highway access routes for the
Yucca Mountain site are located on government controlled lands, and no
Federal condemnation proceedings are expected. Access routes constructed
from existing highways and railroads will not conflict irreconcilably with
the previously designated use of any environmental resource listed in Section
6.2.1.6 (Environmental quality)., These routes can be constructed with
reasonably available technology. Transportation-system components can be
designed to meet applicable Department of Transportation and Nuclear .
Regulatory Commission regulations.

Construction costs for access routes, although high compared with other
gites, should not be unreasonable, because the terrain 1s generally flat or
gently sloping, no tunnels would need to be excavated, and ounly one bridge
would be required. The existing roads and railroads provide ready access to
the regional transportation system without requiring upgrading of local
roads. Also, the Unlon Pacific Railroad serves many distant points, wmini~
mizing the need for equipment and crew changes. Because southern Nevada has
one of the lowest frequencies of severe weather in the United States, trang-
portation would not be adversely affected by weather conditions.

The public and the environment can be adequately protected from any
potential hazards posed by the transportation of radiocactive wastes (Section
6.2.2.2). No local conditions have been identified that would make the risk
to public health and safety unacceptable. The State of Nevada in cooperation
with the U.S. Department of Energy (DOE) has compieted plans and procedures
for responding to accidents involving radioactive materials. The DOE Nevada
Operations Office coordinates the response to radiological emergencies.

Conclusion

The Yucca Mountain site has adequate access to existing transportationm
routes, and new access routes can be constructed with reasonably available
technology and at reasonable cost, Transportation operations can be conducted
without causing unacceptable radiological or nonradiological risk to the
public or unacceptable environmental impacts. Therefore, on the basis of the
above evaluation, the evidence does not support a finding that the site is .
not likely to meet the qualifying condition for transportation (level:3).
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6.2.2 PRECLOSURE SYSTEMN GUIDELINES

The purpose of the preclosure system guidelines ig to establish the
overall objectives to b met by a repository during the preclosure phase
(1.e., siting, construcrion, and operation through closure). There are three
preclosure system guideiines: (1) preclosure radiological rafety; (2) envi-
ronment, socioeconomicr, and transportation; and (3) ease siu cost of siting,
construction, operation, and closure. The first two are d “cussed in this
section; the third, which addresses the four preclosure ;uidelines that
require data from site characterization, 1s discussed in "e:.tion 6.3.2.

6.2,2.1 Preclosure system guideline: radiological safety
(10 CFR 960.5-1(a)(1))

6.2,2.1.1 T1Introduction
The qualifying condition for this guideline is as follows:

Any projected radiological exposures of the genmeral public and any
projected releases of radioactive materials to restricted and unre-
stricted areas during repository operation and closure shall meet
the applicable safety requirements set forth in 10 CFR Part 20,

10 CFR Part 60, and 40 CFR 191, Subpart A,

The system guldeline on preclosure radiological safety 1s assigned the
greatest importance among the preclosure guidelines because 1t is directed at
protecting both the public and the workers at the repository from radio-
logical exposures, as required by the performance objective of 10 CFR Part 60
(1983) for radiological safety. During the preclosure phase, this objective
is achieved mainly through engineering technology (e.g., high-integrity
structures, air-treatment systems, radiation monitors) and Nuclear Regulatory
Commission (NRC)~approved operating procedures.

The system elements that must be considered in evaluations for this
guideline are (1) the site characteristics that affect radionuclide transport
through the surroundings; (2) the engineered components with the function to
control releases of radioactive materials; and (3) the people who, because of
their location and distribution in unrestricted areas, may be affected by
radionuclide releases. Although details about its engineered components. are
not yet avallable, the repository will have to comply with the regulatory
release limits. This compliance will have to be demonstrated to the satis-
faction of the NRC, which will review both the engineering designs and
operating procedures. Among the features that will contribute to operatiomal
safety will be the waste form (solid) and the waste package that will contain
the radioactive materials and prevent their diepersal; high-efficiency air
filters that will control alrborne radioactive emissions into the atmosphere;
and water-purification systems, which will be used to decontaminate any water
used for the cleanup of facilities or components. Table 6-13 summarizes the
finding for the qualifying condition. The remainder of this section sum-
marizes the data available, presents an evaluation, and draws a conclusion.
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ti-9

Table 6-13. Svmmary of analyses for Section 6.2.2.1; preclosure system guideline: radiological safety

(10 CFR 960.5-1(a){1))

Condition

Department of Energy (DOE) finding

AT gt s s

QUALIFYING CONDITION

Any projected radiological exposures of the gener-—
al public and any projected releases of radioac—
tive materials to restricted ard unrestricted
areas during repository operaticn and closure
shall meet the applicable safety requirements set
forth ia 10 Part 20, 10 CFR Part 60, and

40 CFR 191, Subpart A.

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): preferential radionuclide
transport to population centers is not expected; the
site ig in an area of low population density; the
DOE will gain the necessary land ownership and
control through interagency transfers; severe
weather is infrequent and normally of short dura-
tion; and engineered components are expected to
contain waste and retard radionuclide migration so
that all applicable safety requirements are met.
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6.2.2.1.2 Data relevant to the evaluation

Supporting data and information about the engineered compounents that
will control releases of radioactive materials at the Yucca Mountain site are
summarized in a preliminary safety assessment (Jackson -~ al., 1984). The
safety assessment privides estimates of upper limits to potential doses from
accidents at the re.ository; all the flrst~year estimatcg doses are total-
body doses, derived by considering the body as a mass ¢ undifferentiated
tissue, rather than whole~body doses which are derived .; welghting the doses
to each affected organ and summing to produce an integ-ai.ed dose to the body
(Jackson et al., 1984). Population data for Nye and Ciark counties were
obtained from reports by the Clark County Departmeni »f Comprehensive
Planning (1983) and Smith and Coogan (1984), respectivel,. Meteorologic data
compiled by Bowen and Egami (1983), Holzworth (1972), and Quiring (1968,
1965) have been used to evaluate the potential for aicrborne radionuclide
transport and dispersion., Studies by Winograd and Thnrdarson (1975) and
Montazer and Wilson (1984) were used to evaluate the hydrogeology of Yucca
Mountain. For relivant data supporting the technical guidelines that are
used to provide a preliminary assessment of this systen guldeline, see the
corresponding relevant data compilations.

In support of the evaluation made in this section, the preclosure per—
formance of the repository is evaluated in Section 6.4.1, which presents a
radiological safety assessment and the applicable radiation-protection
standards from 10 CFR Part 20 (1984), 10 CFR Part 60 (1983), and 40 CFR 191,
Subpart A (1985). This preliminary assessment, based on generic studies of
repository operations, predicts the releases of radionuclides that may occur
during normal operation of the repository.

6.2.2.1.3 Evaluation of the Yucca Mountain site

Those technical guidelines that contribute to the evaluation of this
system guideline include population density and distribution (Section
6+2.1.2), site ownership and control (sections 6.2.1.1 and 6.2.1.3),
meteorology (Section 6.2.1.4), and offsite installations and operations
(Section 6.2.1.5). Evaluations of favorable and potentially adverse
conditions in these technical guidelines are used as preliminary system-
performance indicators that can be applied before site characterization,

The objective of the guideline on population density and distribution is
to ensure that the site will meet the Environmental Protection Agency (EPA)
and the Nuclear Regulatory Commission (NRC) regulations with minimum risk to
the public. The area around the site is one of the most sparsely populated
reglions in the contiguous 48 states. Present site ownership and control pro-
vide the basis for limiting the entry of people onto the site during oper-
ation and closure. The eastern portion of the site is on the Nevada Test
Site (NTS), which is controlled by the U.S. Department of Energy (DOE); the
northwestern portion of the site is on the Nellis Air Force Range (NAFR),
which 1s controlled by the Department of the Air Force; and the southwestern
portion of the site is held in public trust by the Bureau of Land Management.
It is expected that the DOE can acquire jurisdiction and control over the
remaining portions of the land, including surface and subsurface rights.

6-113

800 0 8 0 6 2 4



There are no permanent residents within 10 kiloweters (6 tiles) of the
site and all land within this radius 18 currently fednrally controlled and
not open to settlesent. Access to the NAFR and NTS is restricted. Nye
County, where the Yucca Mountailn site 1s located, ha.: a 1980 population
density of 0.5 person per square mile (Table 3~26). e nearest population
center 1s located in the unincorporated Town of Amarjosa Valley, whose
residents are spread out in numerous small settlement.. within 1its estimatea
1,036 square kilometers (400 square miles) (Section ...6.4.1.1). Major
population concentrations are located in the commu Lty formerly called
nathrop Wells, and now also called Amargosa Vall.y, approximately
23 kilometers (14 miles) to the south; the Amargosa Fat . Area, approximately
37 kilometers (23 miles) to the south and the American Borate housing com=~
plex, roughly 45 kilometers (28 miles) to the south. Population of these
areas in 1984 was estimated to be 45, 1500, and 280 respectively (Smith and
Coogan, 1934). An estimate of the total population ai the unincorporated
Town of Amaragosa Valley 1is not available.

Beatty, located about 31 kilometers (19 miles) to the northwest had an
1984 estimated population of 800 (Smith and Coogan, 1984). Pahrump's 1984
population was estimated to 5,500 (Smith and Coogan, 1484). It 18 located
slightly more than B0 kilometers (50 miles) to the southeast. The nearest
highly populated area is in the Las Vegas Valley area about 137 kilometers
(85 miles) by air southeast of Yucca Mountain. This is alsc the nearest
1 mile by 1 mile area having a population of at least 1,000 individuals
(Clark County Department of Comprehensive Plananing, 1983). All of the
distances cited above are straight-line distances, not road distances.

Calculations for worst—case accident scenarios at Yucca Mountain have
been completed. Preliminary results of a safety assessment study are avall-
able (Jackson et al., 1984)., This study assumes that a person could be
temporarily in an area 4 kilometers (2.5 miles) from the surface facilities.
Agsuming this person to be the maximally exposed individual, preliminary cal-
culations for an extremely severe and unlikely accident at the repository
estimate that the worst-case maximum individual total-body equivalent dose
would be 0.055 rem, (0.068 rem 50-year dose commitment). For comparsion, the
limit specified in 10 CFR Part 20 (1984) for normal operations 138 0.5 rem per
year for an individual in an unrestricted area. The worst-case accident—
related radiation exposure of the 19,908 people conservatively assumed, for
purposes of estimating worst-case dose, to live within 80 kilometers (50
miles) of the repository site at Yucca Mountain, 1is 110 man-rem, which is
much less than the annual background—radiation external dose commitment of
about 1,790 man~rem to the same number of people.

Radionuclides released to the environment can potentially be transported
by both liquid and gaseous transport mechanisms. At the Yucca Mountain site,
surface~water transport mechanisms are not considered likely, because of the
aridity of the climate aud the absence of surface water. The Yucca Mountain
site 18 located in one of the most arid regions of the United States, with an
average annual rainfall in the region of less than 150 millimeters (6 inches)
(Quiring, 1965; Bowen and Egami, 1983). The arid conditions allow very
limited infiltration and recharge (Winograd and Thordarson, 1975; Montazer
and Wilson, 1984). Ground-water transport is not a reasonable release mecha~
nism during the operation of the repository owing to the long ground-water:
travel time that is expected in the unsaturated zone {(Section 6.3.1.1:5).
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The potential for retardation of radionuclides in the zeolitized tuifaceous
beds of the Calico Hiils beneath the repository, and the great distance
between the site and & down-gradient population center wheve ground water is
withdrawn are also favorable conditions in this regavd. The air. pathway may
therefore represent th«s most likely pathway of radionuclid: travel during the
period when gaseous racionuclides are present in the radionctive waste,

Table 6-46 in Section 6.4.1 provides estimates of ex:.cted radionuclide
releases under normal repository operation for a generic repository. The
maximum releases predicted, were for krypton-85 and woul' result im an air
concentration of 6.3 x {0 = curie per cubic meter at the pnint of discharge.
The cogfentration limit for krypton~85 from 10 CFR Pavt 20 (1984) is
3 x10 curlie per cubic meter. Dispersion between the discharge point and
the site boundary is likely to further reduce the krypton-85 concentration,
Other concentration estimates for tritium, carbon~l4, and iodine~129 would
also be below the limit from 10 CFR Part 20. The estimated annual dose
equivalent for immersion in the dispersed cloud of airborne radionuclides
ligted in Table 6~-46 is predicted to be less than 1,0 millirem per year
(Section 6.4.1), which represents only about 1 percent of the dose recelved
from natural background by an individuval in the vicinity of the NTS.

Metworological data from Yucca Flat (40 kilometers (25 miles)) east of
Yucca Mountain) have been used to suggest that the site is well veuntilated.
Isopleths of mean annual mixing heights show that the reglion experiences some
of the deepest atmospheric mixing in the United States (Holzworth, 1972).
Surface winds are not likely to cause preferential transport toward reglonal
population centers. Upper-air data from Yucca Flat for 1,500 and
1,800 meters (5,000 and 6,000 feet) above mean sea level (Quiring, 1968),
which is beyond the influence of local terrain, show that wind from the
northwest toward Las Vegas occurred only ll1 percent of the time on an annual
basis. Winds from the east, which would transport material toward Beatty,
occurred only 2 percent of the time. Winds from the north, which .would
transport material toward the Town of Amargosa Valley, occurred approximately
20 percent of the time.

The 10~year record of wind speeds shows that the average wind velocity
at Yucca Flat is high, 11.9 kilometers (7.4 miles) per hour (Bowen and Egami,
1983). Extreme weather phenomena are not likely to cause disruptions in
repository operation or closure activities because southern Nevada has one of
the lowest frequencles of severe weather in the United States, and the
extreme events are generally of very short duration,

Site~specific meteorological data are insufficient to predict local wind
directiens at Yucca Mountain. These data will be collected by weather
stations recently installed at Yucca Mountain. Data obtained over the next
several years from new weather towers will be used to refine the radionuclide
dispersion calculations that are currently based on data from Yucca Flat and
to verify that Yucca Mountain conditions have been accurately predicted. As
they are developed during the design process, details of the engineered
components of the repository will be examined to determine whether the
preliminary information used in evaluating the site against the technical
guidelines was correct and to perform rigorous analyses of operational
safety.
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The impacts cf nearby atomic energy defense activities that take place
on the NAFR and the NTS§ are discussed under the guideline on offiite instal-
lations and operatirns, Alrborne radionuclides from thie NTS detected off the
site from 1974 thro.gh 1983 are listed in Table 6~7., 'fhere were no detect-
able offsite radiovwlide releases from nuclear weapor: tests at the NTS
during 4 out of 5 »f the most recent l-year monitorin; periods. These
releases are not rejulated by 40 CFR Part 191 (1985).

6¢2.2.1.4 CGonclusion for the qualifying coandition on =lwe preclosure system
guideline: radiological safety

A preliminary evaluation of the system elements pevtinent to the system
guideline on preclosure radiological safety shows that the characteristics of
the site favor its ability to limit exposure to radiation among workers and
the public; the distribution of people who live outside the area would also
restrict exposures., Estimates of both the extreme worst-case accidental
radiological exposures to the general public and the exnosures due to normal
operation are below the limits specified in 10 CFR Part 20 (1984),

10 CFR Part 60 (1983), and 40 CFR 191, Subpart A (1985). Estimated releases
under normal repository operation (Sectlon 6.4.1) produce radionuclide
concentrationas that are well below the maximum permissible concentrations.
The evidence does not support a finding that the site is not likely to meet
the qualifying condition for this preclosure system guideline (level 3).

w

6.2.2.2 Preclosure system guideline: environment, socioeconomics, and
transportation (10 CFR 960.5-1(a)(2))

6:2.2.2.1 Introduction
The qualifying condition for this guideline is as follows:

During repository siting, construction, operation, closure, and

decommissioning the public and the environment shall be adequately
protected from the hazards posed by the disposal of radioactive.
waste.,

The preclosure system elements for this guideline include (1) the inter-
action between repository-related activities and the existing economic,
social, and demographic conditions of the area; (2) the air, land, water,
plants, animals, and cultural resources in the areas potentially affected by
repository activities; (3) the transportation infrastructure; and (4) the
potential mitigation and compensation measures that caen be used to offset
adverse impacts. Table 6-14 summarizes the findings for the qualifying
condition. Do
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Table 6-14.

Summary of w:nwwwmm for Section 6.2.2.2; preclosure system guideline:

enviromment,

monmomnoﬂoamnm,unw nﬂwumwOHnmnMou (10 CFR 960.5-1(a)(2))

Condition

Department of Energy (DOE) finding

During i<¢po=*tory sicing, comstruction, operation;
closure, and decommissioning the public and the
enviromment shall be adequately protected from the
hazards posed by the disposal- of radioactive
waste.

QUALIFYING CONDITION

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): there are no significant
envirommental impacts that cannot be mitigated; the
socioeconomic welfare of the public camn be
preserved; tramnsport of wastes can be conducted in
compliance with regulations; the public and the
enviromeent will be adequately protected from the
hazards posed by radicactive waste disposal.
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6.2.2.2.2 Data relevar: to the evaluation

The data used to :valuate the potential environmentzl impacts of the
repository consist of 1) surveys and published reports oa the biologic,
archaeologic, and hydvologic conditions of the Yucca Mouvntaln area (see
Chapter 3); (2) analysz:s in Chapter 4 on the environmental consequences of
site characterization; and (3) analyses in Chapter 5 on t ‘2 near- and long-
term environmental consequences of constructing, operati g, closing, and
decommissioning a nuclear waste repository at Yucca Mountafn. Chapters 4 and
5 also present an evaluation of potential tramsportation iwpacts and prelimi-
nary evaluations of the socloeconomic impacts of site cha'acterization and
repository constrvction and operation at Yucca Mountain.

6¢2+2.2.3 Evaluation of the Yucca Mountaln site

The evaluation of the Yucca Mountain site against this system guideline
is based on the evaluations reported for the technical guidelines for
environmental quality (Section 6,2.1.6), socloeconomic impacts
(Section 6.,2.1.7), and transportation (Section 6.2.1,8).

As discussed in chapters 4 and 5, the potentially significant adverse
environmental impacts assoclated with siting, constructing, operating,
closing, and decommissioning a repository at Yucca Mountain include (1)
destruction of approximately 680 hectares (1,608 acres) of desert habitat;
(2) fugitive-dust emissions from surface preparation, excavation, and manipu-
lation of spoils piles; (3) vehicle emissions from waste transport, personnel
transport, materials transport, and operation of construction equipment; and
(4) radioactive-material releases during (a) repository excavation (from
naturally occurring radon and decay products in volcanic rocks), (b) normal
operation of the repository, and (c) accidents. Potential impacts on surface
and ground water are consldered insignificant, chiefly becausge there is no
perennial surface water in the area, and ground water 1s several hundred
meters beneath the repository horizon (Section 6.3.1.1). A permanent land
withdrawal will be required if the Yucca Mountain site is selected for
repository development, and the reservation of water rights is explicit in
such an action. Studies to date suggest that aquifers underlying the pro-
posed surface facility locations can produce large quantities of water for
long time periods without lowering the regional ground-water table, Other
potential impacts, such as the diversion of natural runoff and the leaching
of materials from excavated rock, are being considered in the repository
design, and they are not expected to pose significant environmental problems.

During repository construction, the maximum estimated ambient concentra-
tions of particulates, carbon monoxide, and the oxides of sulfur and nitragen
are not expected to exceed the air-quality limits of 40 CFR Part 50 (1983).
Assuming the project is subject to the Prevention of S8ignificant Deterior~
ation provisions of the Clean Air Act Amendments. of 1977, the predicted
pollutant concentrations would violate none of the applicable_standards.

The evaluations of the socloeconomic impacts guideline in Section
6.2.1.7 are briefly summarized below.

Negative impacts on community services, houstng gupply and demand, and
the finances of State and local government agencies in the affected area are
6-118
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not expected to be nignificant for repository siting, construztion,
operation, and decomnissioning.

The maximum l-year percent increase in the bicounty population would
occur during the secoad year of construction (1994). Tn. maximum ]-year
percent increase 13 ei.timated to be 4,0 percent for Nye 'ounty and 3.7 per-
cent for Clark County., The affected (bicounty) ares, inc'vding the Las Vegas
Valley, has the ability to absorb the repository-related population changes
without significant disruptions of community services aid without significant
impacts on housing supply and demand.

Although community-specific service and housing demauds could increase
at rates proportional to the maximum l-year community population growth rates
estimated with the repository, these rates are generally within the range of
those experienced historically by the urban communities (approximately 2.7 to
13.2 percent) and their municipal service providers, Because the unincor-
porated towns nearest the Yucca Mountain site have limited powers dealing
with community services, potential population growth in these communities
would generally impact county-wide service providers. These service pro-
viders are more likely to have resources for managing growth. Additionally,
the community level growth rates estimated for the unincorporated towns are
generally within range of those experienced historically by Nye and Clark
counties (tables 3-15 and 3-16). Ample land is available for housing in the
rural communities closest to the Yucca Mountain site.

The primary sectors of the economy in southern Nevada are tourism and
mining. The employment impacts of site characterization on these sectors are
expected to be insignificant. Information available to date does not suggest
that repository construction and operation would significantly affect
tourism. Construction and operation of a repository would significantly
increase employment in mining and moderately increase employment in
construction. These employment increases are not considered to represent
major disruptions of these sectors.

The work fotrce in southern Nevada, including the Las Vegas Valley, is
sufficiently large to site, construct, and operate a repository at Yucca
Mountain. Although an adequate total work force may be available for a
repository at Yucca Mountain, the available work force with mining skills
would be inadequate and it is possible that the available consgtruction work
force may also be inadequate.

A repository at Yucca Mountain would increase employment and business
sales in southern Nevada. Community services and government revenues are
likely to increase. '

In summary, preliminary analyses of labor demand, materials and
resources, income, and land use reveal no potentially significant adverse
impacts. It is expected that impacts on State and local community infra-
structure discussed in Section 5.4 can be offset by reasonable mitigation or
compensation under the financial and techrnical assistance provisions of the
Nuclear Waste Policy Act (NWPA, 1983). The U.S. Department of Energy (DOE)
maintains a commitment to consult and cooperate with responsible State and
local governments in identifying specific areas where adverse impacte could
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occur and in developlng appropriate measures of corrective action and
mitigation,

For raill acces: to Yucca Mountain, a rail line extending approximately
161 kilometers (10C miles) from existing mainline rail facilities at Dike
Siding (northeast cf Las Vegas) has been proposed (se: Figure 5-2), This
route would be enticely on government-controlled lands s¢ministered by the
DOE and the U.S. Department of the Alr Force, as well .+ public~domain lands
under the jurisdiction of the Bureau of Land Managemen.

The terrain over which the rail line would cross is gently sloping. No
tunnels and only a m/nor amount of excavation and fil} -ould be required. A
bridge would be required at Fortymile Wash several mi: 2s east of Yucca
Mountain. The construction of the proposed rail line from the site to Dike
Siding would provide direct access to the national rail:ioad system.

For highway access to the proposed site, a route is projected northward
from U.S. Highway 95, originating approximately 1 kilometer (0.5 mile) west
of the intersectiocn of U.S., Highway 95 and Nevada §$tate Route 373.

U.S. Highway 95 is a regional highway providing access to the Interstates 15,
40, and 80, which are all part of the national transportation system. The
roadway access would be constructed on federally contrclled lands that slope
gently and would pose no significant engineering probleme. No tunnels and
only a minor amount of excavation would be required. Some minor drainage
control measures and a bridge spanning Fortymile Wash would be required.
The bridge would be a common carrier for both rail and truck access.

U.S. Highway 95 between Las Vegas and Mercury is a four-lane divided highway;
it is a two-lane highway from Mercury to the access road near intersection
of U.S. Highway 95 and Nevada State Route 373. A requirement for significant
upgrading of this regional highway is unlikely.

A legal impediment could only exist if State, local, or tribal law ren-
dered compliance with U.S. Department of Transportation (DOT) regulations
impossible, without being found preempted by the {(DOT) or the Federal
judicial system. California time-of-day requirements and the banning of
radioactive waste shipments in Humboldt and Marin counties as well as the
recently passed Las Vegas, Nevada, ordinance (No. 3190) are the only
regulations that could be considered an impediment to waste shipments.
However, these regulations are considered preempted by DOT regulations until
they are allowed to stand by either the DOT or the Federal judicial system.

6¢2.2.2.4 Conclusion for the qualifying condition on the preclosure system
guideline: environment, socioeconomics and transportation

The repository and 1ts support facilities could be sited, constructed,
operated, closed, and decommissioned at Yucca Mountain while protecting the
public and the environment from the hazards posed by disposal of radioactive
waste., Furthermore, measures to offset, mitigate, or compensate projected
environmental impacts and significant adverse social and economic impacts
exist or are expected to be developed through a process of analysis, plan-
ning, and consultation among the DOE, affected State, and local government
jurisdictions., Efforts will be made to preserve the socioeconomic welfare of
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the general public in the affected area and to protect the sociceconomic
welfare and the aesth:tic values of the region. The projected risks, costs,
and other impacts of waste transportation are being considered in the
evaluation of the Yucua Mountain site, and there 18 no evidence to suggest
that transportation .f wastes cannot be conducted in .ompliance with
applicable Federal regulations, and with State and local regulations that are
applicable and consicent with these Federal regulations. Analyses of worst-
case operational and nonoperational accidents at a poter. 1al repository at
Yucca Mountain indicate that population exposures would b« small compared to
natural background sources. The evidence does not suppc -t a finding that the
site is8 not likely to meet the qualifying condition of thi- preclosure system
guideline (level 3).

6.2,3 CONCLUSION REGARDING SUITABILITY OF THE YUCCA MOUNTAIN SITE FOR
DEVELOPMENT AS A REPOSITORY

On the basis of the findings stated in the previous discussion of
individual guidelines and made in accordance with Appendix III of the siting
guidelines (10 CFR Part 960, 1984), it is concluded that the evidence does
not support a finding that the site is disqualified and does not support a
finding that the site is not likely to meet the qualifying conditions.
Therefore, it is concluded on the basis of those guidalines that do not
require data and information from site characterization that there is no:
reason to belleve that the Yucca Mountain site is not suitable for
development as a repository. tei R

6.3 SULTABILITY OF THE YUCCA MOUNTAIN SITE FOR SITE CHARACTERIZATION:
EVALUATION AGAINST THE GUIDELINES THAT DO REQULKL
SITE CHARACTERIZATION

This section presents preliminary evaluations of the Yucca Mountain site
against the twelve technical and the two system guidelines that require data
from site characterization for a determination of compliance. The post-
closure guidelines are discussed first, in sections 6.3.1 (technical guide-
lines) and 6.3.2 (system guidelines). The preclosure guidelines are covered
in sections 6.3.3 (technical guidelines) and 6.3.4 (system guidelines).

6.3.1 POSTCLOSURE TECHNICAL GUIDELINES (10 CFR 960.4~2)

The postclosure technical guidelines address the site conditions that
are related to the long-term performance of the repository. They address
geohydrology, geochemistry, rock characteristics, climatic changes, erosion,
dissolution, tectonics, and human interference. For each technical guide~
line, an introduction describes the objective of the guideline and refers to
a table that states the entire guideline and summarizes the evaluations.
4fter a description of the relevant data, a series of evaluations show
whether the Yucca Mountain site is likely to possess the favorable, = .
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potentially adverse, disqualifying, and qualifying condttion(s) that are
included in the guilde tine,

6:3.1.1 Geohydrology (10 CFR 960.4-2-1) S

6+.3,1,141 Introduurlon '. . ) , ,’ff,“
The qualifying condition for this guideline is as fi llows:

The present and cxpected geohydrologic setting of : site shall be
compatible .sith waste containment and isolation. Ti~ geohydrologic
getting, considering the characteristics of and the processes
operating within the geologic setting, shall permit compliance with
(1) the requirements specified in Section 960,4-1 for radionuclide
releases to the accessible environment and (2) the requirements
gpecified in 0 CFR 60.113 for radionuclide releases from the
engineered barrier system using reasonably availabie technology.

The geohydrology guideline addresses the present and expected character-
istics of the geohydrologic setting of the site and processes. operating
within this geohydrologic setting; it requires that these characteristics and
processes be compatible with waste containment and isolation, After reposi-
tory closure, the most likely mechanism for the release of radionuclides from
a repository to the accessible environment 1is transport by ground water, .To
evaluate this potential for release in the postclosure time period, it is
necessary to characterize the volume, flow paths, velocities, and travel
times for ground water.

This guideline consists of five favorable conditioms, three potentially
adverse conditions, one .disqualifying condition, and one 'qualifying

condition. The evaluations raported below are summarized in Table 6-15 for
all conditions except the disqualifying condition.

6.3,1.1.2 Data, relevant to. the evaluation

Summary of. available data

Because a repository at Yucca Mountain would be above the water table,
discussions about radionuclide movement must consider unsaturated rocks as
well as saturated rocks. The geohydrologic system at: Yucca Mountain.dis com-
posed of a thick (about 300 to 750 meters (1,000 to 2,500 feet)) unsaturated
section and a deep saturated~flow regime. The relevant data for analyzing
the saturated system include the standard hydrologic. parameters of perme-
ability (or similar parameters such as transmissivity and hydraulic con-
ductivity), hydraulic gradient, effective porosity, and water flux. For the
unsaturated zone, the same. parameters are needed, but they must be augmented
with information on infiltration and percolation rates, the moisture content
of the rock, and the relationship of moisture content or aaturation to matric
potential (suction) and hydraulic conductivity. For both the saturated: and
unsaturated zones, an understanding of the spatial distribution of these
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8090 8 N &6 4 =



£e1-9

Table 6-15. Summary of analyses for Section 6.3.1.1; geohydrology (10 CFR 960G.4-2-1)

Condition

Department of Energy (DOE) finding

G

(2)

(3)

(&)

FAVORABLE CONDITIONS

Lite conditicns such that the pre-waste-

=7 cemenc grourd-water iravel time along
any paich of likely radionuclide travel from
the disturbed zone to the accessible environ-

ment would be more than 10,000 years.

The nature and rates of hydrologic processes
operating within the geologic setting during
the Quaternary Period would, if continued
into the future, not affect or would favora-
bly affect the abllity of the geclogic repos-
itory to isolate the waste during the next
100,000 years.

Sites that have stratigraphic, structural,
and hydrologic features such that the geohy-
drologic system can be readily characterized
and modeled with reasomable certainty.

For disposal i. the saturated zone, at least
one of the following pre-waste—emplacement
conditions exists:

The evidence indicates that this favorable condi-
tion is present at Yucca Mountain: ground-water
travel time along any path of likely radionuclide
travel Is expected to be more than 10,000 years.

The evidence indicates that this favorable condi-
tion is not present at Yucca Mountain: pluvial
conditions that could cause changes in the water—
table position and increase flux are expected to
affect, but not significantly reduce, isolation
pctential in the next 100,000 years.

The evidence indicates that this favorable condi-
tion is not present at Yucca Mountain:
are known that would prevent the site from beiung
characterized and modeied after site characteriza-
tion but available data are insufficient to model
the site with reasonable certainty.

Condition does not apply to Yucca Mountain.

no features

0 6 46

B

annao0



2e1-9

Table 6-15.

Summary of analyses for Section 6.3.1.1; geohydrology (10 CFR 960.4-2-1) (continued)

Condition

Department of Energy (DOE) finding

(5)

(i) A host rock and immediately surrounding
geohydrologic units with low hydraulic
ceadvetivities,

(11) & downward or predoaminantly horizontal
hydrauvlic gradient in the host rock and
in the immediately surrounding geochy-
drologic units.

(iii) A low hydraulic gradient in and between
the host rock and the immediately
surrounding geohydrologic units.

(iv) High effective porosity together with
low hydraulic conductivity ia rock
units along paths of likely radionu-
clide travel berween the host rock and
the accessible environment.

For disposal in the umsaturated zone, at least
one of t%: following pre—waste—emplacement
wonditions exists:

(1) A low and nearly constant degree of
saturation in the host rock and in the
immediately surrounding geohydrologic
units.

Condition does not apply to Yucca Mountain.

Condition does not apply to Yucca Mountain.

Condition does not apply to Yucca Mountain.

Condition does not apply to Yucca Mountain.

The evidence indicates that three of m»<m.0m.ﬁwm
subconditions of this favorable condition are
present at Yucca Mountain:

The degree of saturation in the host rock and
surrounding geohydrologic units is spatially
variable. Therefore, the subcondition is not
present.

Ly
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Table 6-15,

e

Summary of analyses for Section 6.3.1.1:

: mmowwmuowoww (10 crr 960.4-2-1) mnesnﬁn:mnv

Condition

—_——

Department of Energy (DOE) finding

underground mmouwunw such that the
fully Saturated voidg continuous with
Ehe ater table 25 por encouanter the
osp rock,
(i11) A geohydrologie unit above the host
rock thar would diverg the downward
Hbm»wnwmnmob of water beyond the
limies of the emplaced waste,

(iv) A host rock that providesg for free

mwmmammm.

(v) & climatie regime in which the average
annug} historical Precipitariop is a
small fraction of the average annua]
pPotentia} m<mvo~nm=mwmnmnmo=

The bedded tuffs aboye the dengely welded host rock
may divert pulses of water, but not Necessarily

armﬁmmonm. the

€xpected changes ig mmowwmnowomHn conditions are
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Table 6-15.

Summary of analyses for Section 6.3.1.1; gechydrology (10 CFR 960.4-2-1) (continued)

Condition

Department of Energy (DOE) finding

{2) The presence of ground-water sources, suitabie
for crer irrigation or human consumption
w .. .outl treatment, alicng ground—water flow
paths trom the host rock to the accessible.
environment.

(3) The presence in the geologic setting of
stratigraphic or structural features-—such
as dikes, sills, faults, shear zones, folds,
dissolution effects, or brine pockets——if
their presence could significantly coa-
tribute te¢ the difficulty of characterizing or
mcdeling the geohydrologic system.

The evidence indicates that this potentially
adverse condition is present at Yucca Mountsain:
ground—-water sources suitable for crop irrigation
or human consumption are present aleng the ground-
water flow paths, although resource potential is
small.

The evidence indicates that this potentially
adverse condition is present at Yucca Mountain:’
fractures, fault zones, and dikes could contribute
to the difficulty of characterizing and modeling
the system.

QUALIFYING CONDITION

The present and expected geohydrologic setting of
3 site shail »z compatible with waste contaimment
aud i,clation. The geohydrslogic setting, consid-
ering the characteristics of and the processes
operating within che geologic setting, shall per-
mit compliance with (1) the requirements specified
in Section 960,4-1 for radicnuclide releases to
the accessible enviromment and (2) the require-
ments specified in 10 CFR 60.113 for radionuclide
releases from the engineered-barrier system using
reasonably available technology.

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): radionuclide release is
expected to be less than one part in 100,000 of the
1,000 year inventory; gréund-water flow time is
likely to be more than 10,000 years; the low magni-
tude of ground-water flux limits potential release
of radionuclides.
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properties is needad. This, in turn, requires a knowledge of the strati-~
graphy and structure2 of the proposed site, including the dip, character,
thickness, depth, and lateral varilations of the rock units and the frequency
and orientations of fractures, faults, and other structures.

Five drill holas at Yucca Mountailn (UE-25a#l, USw %5-1, USW G-2, USW
G-3/GU~3, and USW G-4) have been continuously cored to :epths ranging from
760 to 1,825 meter: (2,500 to 6,000 feet) (Spengler ¢ al., 1979, 1981;
Spengler and Chornack, 1984). Stratigraphic descriptfors have been published
for several of these holes (Spengler and Chormack, ' J; Maldonado and
Koether, 1983; Scott and Castellanos, 1984). Test hole YE~25b#] was cored
from 579 to 1,220 metzrs (1,900 to 4,000 feet) (Lahoud ¢- al., 1984). One
test hole (UE-25p#1) penetrated pre-Tertiary rocks (Craig and Johnson, 1984)
and provided bota cuttings aund core samples of Paleozolc rocks that underlie
the section of Tertlary rocks east of Yucca Mountain ({raig and Robison,
1984). Rock property analyses of core samples from UE-2%a#/l are available in
Anderson (198la). In addition, cuttings and cores from many nearby hydro-
logic test holes provided additional data on the positions of stratigraphic
contacts. A summary of geologic studies at the Yucca Mountain site is
presented in USGS (1984). :

Test holes for hydrologic conditions include 14 holes that have been
drilled to provide data on the altitude of the water table (Robison, 1984)
and 3 holes drilled in the immediate vicinity of Yucca Mountain for pump and
packer-injection tests (Rush et al,, 1984; Lahoud et al., 1984; Craig and
Robison, 1984). Data are also availlable from two deep test holes in the
unsaturated zone, USW UZ-1 and USW UZ-6 (Henderson and Benson, 1983;
Whitfield, 1985). Both were drilled using reverse-air vacuum drilling
techniques, and core and cuttings were obtained. USW UZ-1l, drilled to
366 meters (1,200 feet) has been instrumented to obtain potentiometric and
moisture-content data. Plans are to install similar instrumentation in
USW UZ-6, drilled to 579 meters (1,900 feet). Table 6-16 summarizes the pub~
lished reports available on the saturated zone hydrologic drill holes at
Yucca Mountain., Paleohydrologic data from the vicinity of Yucca Mountain are
also available (Winograd and Doty, 1980).

A geologic map of Yucca Mountain shows patterns of structural features
(Scott and Bonk, 1984). The major normal faults that subdivide the geologic
setting of Yucca Mountain into a series of blocks tilted slightly to the east
have been known for more than 20 years (Christiansen and Lipman, 1965; Lipman
and McKay, 1965); they fit the descriptions of typical basin and range faults
that occur elgewhere in the Great Basin (Scott et al., 1984). Major normal
faults that have a vertical digplacement of more than 70 meters (230 feet)
have been identified on the basis of aeromagnetic surveys (Bath and Jahren,
1984) and can in some places be located where they occur under alluvium. The
attitudes of faults and fractures at depth in drill holes are similar to
those on the surface (Scott and Bouk, 1984; Scott and Castellanos, 1984).
Quaternary movement on faults in the vicinity of Yucca Mountain has been
investigated, and the results are summarized in Swadley et al. (1984).
Fault-related mineral deposits, found in the Yucca Mountain area and their
origin are discussed in Vaniman et al. (1985). Other references on the
nature and rates of tectonic activity at Yucca Mountain are discussed: in
Section 6.3.1.7,
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Table 6«16, Published geohydrologic well reports

Well Data Interpretive
Reports Reports

USW H-1  Rush et .l., 1983 Rush et a' ., 1984; Barr, 1985

USW H-3 Thordarson et al., 1984 Thordars n et al., 1985

USW B-4  Whitfield ot al., 1984 Erickson ¢-d Waddall, 1985;
‘ Whitfield ¢t al., 1985

USW H-5 Bentley et al., 1983 = c=mo-

USW H~6  Craig et al., 1983 -

UE-25b#1 Lobmeyer et ai., 1964 vLahound,eﬁlal.;?19§4 s

UE-~25pi 1 Craig and Johnson, 1984 Craig and Robison, 1984

UE-29a#1,2 == o " Waddell, 1985 .

USW G~4 Bantley,d19GA  ~-F~~ o

Well J=13  ——mow  - - Thordarsoﬁ, 1983

The hydrostratigraphy of tuffs in the unsaturated zone (see discussion.
of geologic units in tables 6-17 and 6~18 in Section 6.3.1.1.5) consists of
the following hydrogeologic units: the Tiva Canyon welded unit, the
Paintbrush nonwelded unit, the Topopah Spring welded unit (including the
proposed repository horizon), the Calico Hills nonwelded vitric unit, the
Calico Hills nonwelded zeolitic unit, the Prow Pass welded unit, the Prow
Pass nonwelded unit, the Bullfrog welded unit, and the Bullfrog nonwelded
unit. Not all hydrogeologic units are present at any given location within
the primary repository area at Yucca Mountain.

The Tiva Canyon welded hydrogeologic unit is the deunsely to moderately
welded part of the Tiva Canyon Member of the Paintbrush Tuff. This unit is
the uppermost. stratigraphic layer that underlies much of Yucca Mountain. The
Paintbrush nonwelded hydrogeologic unit consists of the nonwelded and
partially welded base of the Tiva Canyon Member, the Yucca Mountain Member,
the Pah Canyon Member, and associated bedded tuffs, all part of the
Paintbrush Tuff. The lithology of this hydrogeologic unit is mostly thin,
nonwelded ash-flow sheets and bedded tuffs, and in the primary repository.
area, the unit creps out only in a narrow band along Solitario Canyon
(Montazer and Wilson, 1984).



The Topopah Sprir¢ welded hydrogeologic unit consists of a very thin
upper vitrophyre, a tilck central zone consisting of several densely welded
devitrified ash~flow siieets, and a thin lower vitrophyre. The unit is highly

fractured, and contal.s several 1lithophysal cavity zones (Montazer and
Wilson, 1984),

The Calico Hills nonwelded unit {s composed of the Ffollowing strati~
graphic units: the nonwelded base of the Topopah Spring dember; the tuff-
aceous bheds of the Calico Hills which contain both zeol.tic and vitric
facies, and the upper part of the Prow Pasg Member (Mc :tazer and Wilson,
1984). Fracture frequency within this unit is much l.wer than 1in the
overlying Topopal Spring welded unit. The water table is generally below the
Calico H1ills nonwelded unit, except beneath the eastern part of Yucca
Mountain. Moigture flux bheneath the repository horizon 1is quite low; an
upper bound on the estimated range of flux is 0.5 millimever (0.02 inch) per
year (Wilson, 1983).

Two~dimensional modeling of flow in the saturated zone on a regional
scale has been performed (Waddell, 1982; Czarnecki, 1985; Czarnecki and
Waddell, 1984). Regional data for this modeling have been obtained from
Winograd and Thordarson (1975). Hydroiogic and hydraulic data in the
immediate vicinity of Yucca Mountain have been obtained by the following
methods, and are documented in the following sources. Bulk saturated
hydraulic conductivity of the Topopah Spring welded unit 1is known from
pumping tests in Well J-13 (Thordarson, 1983) where this unit occurs in the
saturated zone. The results of pumping tests and packer-injection tests on
three test holes in the immediate vicinity of Yucca Mountain are presented by
Rush et al. (1984), Lahoud et al. (1984), and Craig and Robison (1984). 1In
addition, 14 other test holes have been drilled that provide data on altitude
of the water table (Robison, 1984). Bulk and fracture effective porosities
in the saturated zone have been calculated and are reported by Sinnock et al.
(1984). Information provided in Freeze and Cherry (1979) was used in the
calculation of effective porosities.

A general conceptual model for flow through the unsaturated zone has
also been developed (Scott et al., 1983; Montazer and Wilson, 1984). A
stochastic model for calculation of velocities and travel time in the
unsaturated zone was developed by Sinnock et al. (1986), and information from
Brooks and Corey (1966) was used to account for the effect of pore~size
distribution on velocity. Information concerning the in situ distribution of
moisture in the unsaturated formations at Yucca Mountain 1s available from
various boreholes (Weeks and Wilson, 1984; Montazer and Wilson, 1984; Palaz,
1985; Peters et al., 1984; Montazer et al., 1985). Rock-mass permeabilities
to air in the Topopah Spring Member are summarized in Montazer and Wilsomn
(1984) and are considered to be an indirect indication of the potential for
drainage (Montazer, 1982). Porosity values for the tuffaceous beds of the
Calico Hills, which underlie the Topopah Spring Member, are given by Weeks
and Wilson (1984), Montazer and Wilson (1984), and Peters et al. (1984). The
matrix hydraulic conductivity of the Topopah Spring unit, as well as of other
units, has been obtained from laboratory measurements of cores and cuttings
(Montazer and Wilson, 1984). Saturated matrix hydraulic conductivity values
for the Calico Hills unit and for the Prow Pass and Bulifrog members of the
Crater Flat Tuff have been obtained from the Tuff Data Base (SNL, 1985).
Laboratory tests indicate that a relationship may exist between matrix
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hydraulic conductivity and lithology (Lappin et al., 1982). Data presented
in Blankennagel ani Welr (1973) demonstrate this relationship for tuffs
beneath Pahute Mes.. Additional hydrogeologic data is presented in Winograd
and Thordarson (1979).

Meteorological data from several stations in the vegion are presented by
Bowen and Egami (1¢83) and Quiring (1983), Potential :vapotranspiration for
Yucca Mountain has been estimated by an empirical ¢ thod reviewed in
Rosenberg (1974). Climates of the Nevada Test Site and vicinity during the
last 45,000 years have been reconstructed in Spauldi.g (1983) and Spaulding
et al, (1984). Possible climatic responses to incruraes In atmospheric
carbon dioxide are presented in Kukla and Gavin (1981) .nd Etkins and Epstein
(1982). The influence of earth's orbital variations ou climatic changes is
discusssed in uaobrie and Imbrie (1980). Other relevani climatological data
are presented in Section 6.3.1.4, Climatic changes. A water-budget study for
eastern Nevada 1is described by Eakin et al. (1951). The study utllizes a
technique developed by Maxey and Eakin (1949) to estimate ground-water
recharge. In Rusb (1970), the technique was applied %o estimate average
annual recharge for basins in the Nevada Test Site avea, The method
described by Eakin et al. (1951) has been evaluated in Watson et al. (1976).
An estimate of the water resource potential beneath Yucca Mountain is
provided in Sinnock and Fernandez (1982).

Assumptions and data uncertainties

The principal assumptions that must be made about the hydrologic system
of Yucca Mountain involve the amount of recharge, the related ground-water
flux through the unsaturated zone, and the mechanisms by which water moves in
the unsaturated tuffs, There is uncertainty about the most representatlve
values for hydraulic conductivities, moisture contents, and effective
porosities of the various rock units traversed by the subsurface water at
Yucca Mountain. Effective porosities are subject to considerable uncer-
tainty. To compensate for the inherent uncertainty in the existing infor-
mation, most assumptions in this section are conservative, and, thus, they
are believed to reasonably bound the probable range of hydrolagic behavior at
Yucca Mountain. Therefore, despite the uncertainty about the exact condi-
tions and processes of the hydrologic system at Yucca Mountain, especially in
the unsaturated zone, the conservatism of the assumptions and analyses allows
confidence in the general conclusions about the hydrologic system.

A general conceptual model of flow in the unsaturated zone has been
developed (Montazer and Wilsom, 1984). The model 1is based on (1) current
understanding of the hydrogeologic framework, (2) application of the
principles of unsaturated flow, and (3) interpretation of preliminary data
from ongoing field and laboratory investigations. The conceptual model is
presented as a single comprehensive model, but it 1s broad enough and
flexible enough to accommodate various alternative hypotheses for unsaturated
flow conditions. These hypotheses are being tested by computer simulations
that incorporate realistic ranges of input parameters and boundary
conditions.

The results of both qﬁantitative and qualitative analyses are used in
the following discussions. Quantitative analyses are used to predict (1) the
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expected ground-watec travel time from the repository to the accessible envi-
ronment in the evaluation against the disqualifying condition and (2) the
expected releases of radionuclides to the accessible environment in the eval-
uation against the qualifying condition. Qualitative aralyses are used to
establish whether Yucca Mountaln possesses the several rivorable and poten-
tially adverse conditions. Semlquantitative analyses sare used 1in these
evaluations to help draw conclusions from the informatir: collected about the
site and to incorporate other pertinent information fr: 1 reasonable natural
analogs of the site, For purposes of interpreting thes ravorable condition
for ground-water travel time, the current position ex: russed by the Nuclear
Regulatory Commission regarding extreme values in trave -~time distribution
(Browning, 1985) was considered in the analysis.

6.3.1.1.3 Favorable conditions

(1) Site gonditions such that the pre-waste-emplecement ground-
water travel time along any path of likely radiopuilidg travel from
the disturbed zone to the accessible environment would be more than
10,000 years.

Evaluation

A complete discussion of the calculation of ground-water travel time at
Yucca Mountain 1s included in the disqualifying condition evaluation (Sec~
tion 6.3.1.1.5). The stochastlc approach taken to evaluate ground-water
travel time produces a distribution of possible travel times. The distri-
bution results from natural variability and uncertainty in the hydrologic
parameters, Conservative assumptions built luto the flow model serve to
shift the distribution to lower travel times. The extreme upper and lower
portions of the travel-time distribution are characteristic of travel times
along unlikely paths of radlonuclide travel and therefore are inappropriate
for evaluating this favorable condition, The U.S. Department of Energy (DOE)
considers this judgment to be consistent with the Nuclear Regulatory Commis-
sion (NRC) staff position regarding the ground-water travel time requirement
in 10 CFR Part 60Q (Browning, 1985).

At this stage, the selection of an absolute value for the probability of
travel times greater than 10,000 years 1s not warranted. The data base
resulting from site characterization will permit better parameter estimation
with less uncertalinty and a more realistic construction of the trayvel-time
medel. These improvements are expected to narrow the range of travel times
sufficiently to allow conslderation of an appropriate probability value.

For the interim, a measure of central value of the travel- time distri-
bution is considered appropriate for evaluating the potential site against
this favorable condition. The mean is a mathematical approximation of the
expected travel time (Davenport, 1970), and the median is also a measure.of
central value. For this reason, both mean and median values .are provided in
this evaluation, and both exceed 10,000 years. For .the upper bound to the
estimated range of flux through the repository of 0.5.millimeter (0.02-inch)
per year, the mean travel time is approximately 43 405_years;;;he median
travel time 1s about 41,750 years; and the range of travel times between the
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disturbed zone and the accesslible envircnment 18 from about 9,500 to 80,235
years (Table 6-20) These travel times include 140 years estimated for a
5-kilometer (3-mil<) flow path in the saturated zone.

Ten computer realizations of travel time were miie for each of 963
columns which repra2sent the rock volume between the 4. iturbed zone and the
water table. O0f tne 9,630 realizations of travel tli.:, 9,629 resulted in
travel-time valuen greater than 10,000 years. Only o:2 out of 9,630 reali~
zations of the travel-time model resulted in a travel time less than 10,000
years. Therefore, for purposes of this evaluation tl¢ evidence indicates
that this favorable condition is present.

Conclusion

Avallable data and current understanding of the geohydrologic system
indicate that for the estimated upper bound on fluy of 0.5 millimeter
(0.02 inch) per year, the travel time along any path of likely radionuclide
travel trom the disturbed zone to the accessible environment is greater than
10,000 years. Therefore, the evidence indicates that this favorable condi-
tion 1s present at Yucca Mountain.

(2) The nature and rates of hydrologlc processes operating within
the geologic setting during the Quaternary Period would, 1if
continued into the future, not affect or would favorably affect the
ability of the geologic repository to isolate the waste during the
next 100,000 years. ‘ '

Evaluation

The Quaternary Period was characterized by cyclic fluctuations of
climate, with wetter, cooler pluvial periods alternating with dryer, warmer
interpluvial periods. Thus, at times, changes in hydrologic phenomena were
related to increases in the available moisture, and, at other times, changes
were associated with drying conditions. The principal changes in hydrologic
processes that are assoclated throughout the Quaternary with the onset of
pluvials occurred most recently about 9,000 to 13,000 years ago and probably
included increasing recharge and a rising water table, with attendant changes
in hydraulic gradients and the upgradient movement of ground-water discharge
sites. Quaternary climatic conditions are described in more detaill in Sec-
tion 6.3.1.4 (Climatic changes).

The most recent climatic trend results from the shift from pluvial to
interpluvial conditions that has led to the conditions observed today
(Winograd and Doty, 1980). This trend (decreasing recharge, declining water
table, and down-gradient shifts in ground-water discharge sites), 1f
continued, would be likely to affect favorably the isolation capability of
the repository. For the Ash Meadows ground-water basin, Winograd and Doty
(1980) cited calcitic vein fracture fillings and ancient lakebed deposits as
evidence that the water-table altitude in the regional carbonate aquifer
during past pluvial conditions may have been as much as 50 meters (160 feet)
higher than the modern level. Preliminary modeling results (Czarnecki, 1985)
using the regional hydrologic models developed by Waddell (1982) and
Czarnecki and Waddell (1984) suggest that water-table altitudes at and near
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Yucca Mountain could puossibly rise in the future as mauch as 130 meters (426
feet) above the curre .t position of the water table. The simulation that
predicted a water-tabia rise of this magnicude was based on assumptions that
are conservative and may not be realistic (see Section 6.3.1.4.3). Neverthe-
less, cyclic fluctuations in climate are expected to con:inue and pluvial
conditions are likely to return in the 100,000 year tim: frame covered by
this favorable condi{iion. Although there is considerable uncertainty in the
changes that would occur during a return to pluvial couitions, increased
recharge and incrzases in water-table altitude are likel #n some portions of
the Death Valley ground-water system. These changes voitld be unlikely to
favorably affect the ebility of a repository at Yucca %cuntain to isolate
waste.

Other processes of interest during the Quaternary ave discussed in the
evaluation of the geochemistry guideline (Section 6.3.1.2) and the erosion
guldeline (Section 6.3.1.5). According to those discussions, the past rates
of other processes that depend on hydrologic processes, such as erosion,
mineral dissolution, and mineral precipitation, remained at a low and
relatively constant rate during the Quaternary Period.

Conclusion

The nature and rates of the hydrologic processes that operated at Yucca
Mountain during the Quaternary Period were influenced by cyelic fluctuations
in precipitation and & possible trend of increasing aridity. The nature and
the rates of these processes if continued into the future could have an
effect on the ability of the geologic repository to isolate radioactive waste
during the next 100,000 years. Increased flux together with increased water
table altitude could shorten the travel time through the unsaturated portion
of the flow path, thus decreasing the total travel time to the accessible
environment. Therefore, the evidence indicates that this favorable condition
is not present at Yucca Mountain.

(3) Sites that have stratigraphic, structural, and hydrologic
features such that ‘the geohydrologic system can be readily
characterized and modeled with reasonable certainty.

Evaluation

The geologic setting of Yucca Mountain is complex, with rocks ranging in
age from Precambrian through Holocene, and the area has undergone many
periods of structural deformation. Because of the weapons testing at the
Nevada Test Site since the early 1960s, extensive geolngic, geophysical, and
hydrologic studies have been completed, and the geology and hydrology of the
Nevada Test Site region are well documented. Extensive study of the nearby
Yucca Mountain area started in 1978. Since that time, the geologic and
hydrologic knowledge of the Yucca Mountain area has been greatly expanded.

Yucca Mountain is composed of block-faulted Tertiary ash-flow, air-fall,
and bedded tuffs., The material properties used to model the geohydrologic
system (e.g., porosity, matrix permeability, fracture permeability, relation-
ships between moisture content and matric potential, and geochemical charac-
teristics) vary substantially in this type of geologic setting. Although
regional ground-water flow has been modeled (Waddell, 1982; Czarnecki and
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Waddell, 1984), the physics of moilsture movement in thick, uusaturated,
fractured rocks 1s complex, and only preliminary conrceptual models are
available (Scott &~ al., 1983; Montazer and Wilson, 1984).

The general si~atigraphic features of Yucca Mount::n are well known as a
result of studies liasted in the section on relevaut dat:i. The general struc~
tural character of Yucca Mountain is also well known. “eologic maps of Yucca
Mountain show patterns of structural features (Scott and Bonk, 1984;
Christiansen and Lipman, 1965; Lipman and McKay, 196°). The attitudes of
faults and fractures that are observed at depth in dra'l holes correlate well
with those on the surface {Scott and Bonk, 1984; Scot. and Castellanos,
1984). Thus, major surface structural features can be used to characterize
the subsurface ~tratigraphy and geologic structures, the details of which
would be determined during site characterization.

A relationship between lithology and permeability, based on well yields
for welded tuffs, rhyolites, and bedded tuffs beneath eastern Pahute Mesa was
demonstrated by Blaakennagel and Weir (1973). A similar relationship may
exlst at Yucca Mountain. Laboratory tests of cores from both geologic and
hydrologic test holes (Anderson, 198la; Lappin et al., 1982; Peters et al.,
1984; Rush et al., 1984; Weeks and Wilson, 1984) iundicate that the porosity
and the hydraulic conductivity of the matrix decrease as the degree of weld-~
ing increases; however, fracture porosity increases and bulk permeability may
increase with increased welding. Winograd and Thordarson (1975) and Scott
et al. (1983) conclude that fracture frequency increases with the degree of
welding.

These data and observations, together with the stratigraphic and struc-
tural data, have been used to develop conceptual models for flow through the
unsaturated zone (Scott et al., 1983; Montazer and Wilsom, 1984). These
conceptual models represent the current hypotheses of the framework and
dynamics of the flow system and are derived from preliminary data, from
principles of saturated and unsaturated flow, and from the literature. The
conceptual models form the basis upon which computer models and simple
mathematical models are designed. Alternative concepts of flow can be tested
with the models to derive the system with the framework, boundary, and flow
characteristics that conform best with the observed data.

Hydrologic testing of the saturated zone has been performed on three
test holes in the immediate vicinity of Yucca Mountain. These tests have
included pumping testse of all or part of the saturated zone penetrated by the
wells and packer~injection tests of isolated intervals within the holes.
Both hydraulic~conductivity and water-level data have been collected. The
results are presented by Craig and Robison (1984), Rush et al. (1984), and
Lahoud et al. (1984). In addition, 14 other holes provided data on the
altitudes of the water table (Robison, 1984). The results of these studies
ghow that in the saturated zonme at Yucca Mountain, ground water flows mainly
through fractures in the welded tuffs. Productive intervals in test holes
are controlled mostly by the distribution of permeable fractures that are
intercepted by the hole rather than by stratigraphic position in the densely
welded units. Therefore, attempts usiag only testing results to define the
poeition or spatial extent of hydrogeologic units have not been successful. -
However, a relationship between lithology and fracture frequency at ‘Yucca
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Mountain has been documented by Scott et al. (1983) and may allow the general
distribution of transmi:igive zones to be determined.

Existing data regavding the spatial extent and hydrologic properties of
the hydrogeologic units at Yucca Mountain are sufficient tc allow preliminary
definition of flow proprrties (Czarnecki and Waddell, 1984, Czarnecki, 1985;
and Montazer and Wilson, 1984). Computer models and simple mathematical
calculations can then be used to determine the range of 1. “ely flow condi-
tion=. As more data are collected and more sophisticated . rdrologic computer
models are developed during site characterization, the resag: that encompasses
possible flow conditions will be narrowed. Statistical m thods will be used
to determine the sansitivity of estimates of hydrologic Il w conditions to
the uncertainty in data and models. Conclusions about the l:ydrologic system

of Yucca Mountain can then be derived by either of the following two
approaches:

l. Using a set of reasonably conservative properties in the analyses
(i.es, by uslng values from each end of the uncertainty range to
derive the shortest flow time or the greatest flow volume).

2. Statistically sampling from the expected distribution of values for

each property to develop a probability distribution for net flow
conditions.

When considered together, these two approaches will provide increésed confi~
dence about the possible range and the most likely conditions for the hydro-
logic system at Yucca Mountain.

The degree to which uncertainty in the hydrologic models for Yucca
Mountain must be reduced depends on whether the uncertainty jeopardizes con-
fidence in the ability of the site to meet performance standards. Hydrologic
tests planned for site characterization will greatly improve the confidence
that can be placed in modals of the Yucca Mountain site; they will provide
important data for the validation of hydrologic models. Although the site
cannot be readily characterized as defined by this favorahle condition, a
sufficlent data base will be obtained during site characterization to allow

the hydrologic system of Yuecca Mountain to be modeled with reasonable
certainty.

Conclusion

Detailed geologic mapping and drilling at Yucca Mountain and in its
vicinity have demonstrated that the stratigraphic and structural features of
Yucca Mountain are complex, but site characterization 18 expected to provide
the data needed to model the site with reasonable certainty. The ground-
water fiow at Yucca Mountain from the land surface to the repository, from
the repository to the water table, and laterally from the water table to the
accessible environment can be characterized and modeled by techniques that
establish reasonable bounds on critical hydrologic parameters. However, data
currently available do not allow the site to be readily characterized and
modeled with reasonable. certainty. Therefore, the evidence indicates that
this favorable coundition is not present at Yucca Mountaine
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(4) For diepngal in the saturated zone, at least one of the
following pre-aste—emplacement conditions exists:

(1) A host rock and immediately surrounding geohydrologic
units with low hydraulic conductivities.

(11) A dvwnward or predominautly horizantal “vdraulic gradieat
in the host rock and in the immediately surrc¢ uding geohydro-~

logic units.

(111) A low hydraulic gradient in and betwe«r the host rock
and the immediately surrounding geohydrologic uuits.

(iv) High effective porosity together with low hydraulic
conductivity in rock units along paths of 1likely radionuclide
travel between the host rock and the accessible environment.

Conclusion

This condition does not apply to Yucca Mountain because disposal will
not occur in the saturated zone.

(5) For disposal in the unsaturated zone, at least one of the
following pre-waste-emplacement conditions exists:

(1) A low and nearly constant degree of saturation in the host
rock and in the immediately surrounding geohydrologic units.

(11) A water table gufficiently below the underground facility
such that the fully saturated volds continuous with the water
table do not encounter the host rocke.

(11i) A geohydrologic unit above the host rock that would
divert the downward infiltration of water beyond the limits of
the emplaced waste.

(iv) A host rock that provides for free drainage.

(v) A climatic regime in which the average annual historical
precipitation is a small fraction of the average annual
potential evapotranspiration.

Evaluation for the degree of saturation in the host rock

Information concerning the in eitu distribution of moisture in the
unsaturated formations at Yucca Mountain is available from various boreholes
(Palaz, 1985; Montazer et al., 1985; Montazer and Wilson, 1984; and Weeks and
Wilson, 1984). Results indicate that saturation in the Topopah Spring welded
unit is quite variable. For example, in 44 samples reported by Montazer and
Wilson (1984), saturation ranged from 40 to 90 percent, with a mean of about
65 percent and a standard deviation of about 20 percent. The wide vari-
ability is partly the result of measurement errors caused by the low porosity
of the unit. In addition, in rocks with low porosity, slight variation in
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pore size and water contant causes relatively large variation in percent
gaturation.

Evaluation for the extert of fully saturated voids

The water table is 500 to 750 meters (1,600 to 2,500 :eet) below the
land surface (Robison, 1984), and 200 to 400 meters (656 to 1,300 feet) below
the repository horizon. The zone of continuous, fully sat:.ated voids is not
expected to extend above the top of the Calico Hills nonwei.ed unit (Montazer
and Wilson, 1984). The contrast between the fractured To:opah Spring welded
unit and the porou~ Calico Hills nonwelded unit is likely <o cause a capil~
lary barrier that would retard upward flow from the pores «+ . the Calico Hills
nonwelded uni’. into the fractures of the Topopah Spring we:rded unit., Water
could move into the matrix of the Topopah Spring welded unit, but only at an
extremely low rate because of the low permeability. Measurements of the
degree of saturation for the matrix of the Topopah Spring welded unit (mean
of 65 percent, standard deviation of 20 percent) indicate that the pores of

the host rock are not continuous, fully saturated voids (Montazer and
Wilaon, 1984).

Evaluation for the diversion of infiltration

Conditions exist at Yucca Mountain that are believed to promote unsatu-
rated lateral flow that diverts downward infiltration of water. These condi-
tions 1include the presence of dipping anisotropic units of contrasting
properties (Montazer and Wilson, 1984). Uunder these conditions, a horizontal
gravitational component of the potential gradient can be iunduced along the
contacts between layers, resulting in down-dip flow even at very low satura-
tions. Dips of the upper units are 3 to 8° to the east (USGS, 1984), and the
overall lateral hydraulic conductivity of the Paintbrush nonwelded unit is
much greater than the vertical hydraulic conductivity of this unit (Montazer
and Wilson, 1984). The result is that more than 100 millimeters (4 inches)
of lateral flux can be transmitted per year, assuning uniform lateral
distribution of matric potential (Montazer and Wilson, 1984).

The potential for lateral flow at Yucca Mountain is enhanced by the
presence of alternating nonwelded units and welded units. The contrasting
properties of these two types of units can result in the formation of
capillary and permeability barriers. The Paintbrush nonwelded unit, which
overlies the Topopah Spring welded unit, is highly porous and relatively
unfractured (Montazer and Wilson, 1984; Scott et z2l., 1983). The Topopah
Spring welded unit, on the other hand, is highly fractured and has an
extremely low matrix permeability (Montazer and Wilson, 1984). The contrasts
between these two hydrogeologic units are expected to create capillary and
permeability barriers that retard the downward flow of water from the matrix
of the Paintbrush nonwelded unit into the Topopah Spring welded unit. A
capillary barrier probably is formed between the matrix of the Paintbrush
nonwelded unit and the fractures of the Topopah Spring welded unit. This
barrier would form where water~filled pores in the nonwelded unit are smaller
than the apertures of. fractures in the underlying welded unit. Purthermore,
the low matrix permeability of the Topopah Spring welded unit restricts the
downward movement of water into the matrix of this unit.
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Barriers may ulso exigt at the upper contact of the Paintbrush nonwelded
unit. The Tiva Crfiyon welded unit, which overlies this nonwelded unit and
crops out at the :turface, 1s highly fractured and trunsmissive. Its bulk
permeability is ez:imated to be as much as a 3,000 times the bulk perme-
abllity of the ununrlying nonwelded unit., According 1o current conceptual
models, during a major infiltration event recharging vwiter would readily per-
colate down the fractures of the Tiva Canyon welded un:t. If the event were
intense and ghort lived, water that reached the upper ‘ioundary of the Paint-
brush nonwelded unit would tend to move down dip at th:s boundary. This down
dip flow would occur because of the initial differeni e n the permeability of
the two units and because the pulse of water would terporarily trap air in
the upper part of tie nonwelded unit, thereby significantly decreasing the
effective permeability to water., This lateral movement at the upper boundary
would continue until satructural features with high permeability were
encountered,

The effectiveness of these conditions in actually causing lateral flow
at Yucca Mountain 1s not known. Flux estimates are not definitive, but
indicate that flux above the Topopah Spring welded unit probably is greater
than within the unit in the primary repository area (Montazer and Wilson,
1984; see also discussion, Section 6.3.1.1.5).

Postulated lateral flow would move down dip until reaching structural
features that have sufficlent permeability to divert the flow. It is not yet
established whether features such as the Ghost Dance fault and the fault
zones that bound the primary repository area are such features. If such
highly permeable features exist, they could serve as conduits for downward
flow through the unsaturated section. However, percolating water cannot be
conclusively demonstrated to be diverted beyond the limits of the emplaced
waste as required by this subcondition, because the Ghost Dance fault, which
occurs within the primary repository area, may act as one of these conduits.

Evaluation for free drainage

Free drainage of the host rock is considered to be a favorable condition
because such a condition would allow water to move rapidly through the unit,
thus minimizing potential contact time with waste disposal containers. The
Topopah Spring welded unit is considered to be freely draining because its
permeable fracture network would allow rapid flow 1if flux were to increase
sufficiently to cause fracture flow.

The free~drainage characteristics of the Topopah Spring welded unit can
be inferred from the pervasive and abundant fractures and the hydraulic
properties of the unit. Welded units have relatively more abundant fractures
(15 to 40 fractures per cublic meter) than the nonwelded units (as few as
1 fracture per cubic meter) in the subsurface at Yucca Mountain, which
results in large bulk permeability., Thordarson (1983) reported a hydraulic
conductivity of 1 meter (3.28 feet) per day for the Topopah Spring Member at
Well J~13, where this unit occurs in the saturated zone. This hydraulic
conductivity must be derived mostly from fractures; average saturated matrix
hydraulic conductivity for the Topopah Spring welded unit, based on analysgg
of 31 core samplgs, 18 0.722 millimeter (0.03 inch) per year or 1.97 x 10
meter (6.1 x 10 ' foot) per day (see Table 6-17 in Section 6.3.1.1.5). The
high bulk permeability in the unsaturated zone is also reflected in the
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extensive loss of drilling fluid in the Topopah Spring Member during the
drilling of geologic «ore holes at Yucca Mountain (Spengler et al., 1981).

Rock-mass permeavilities to air have been determined for the unsaturated
Topopah Spring welded unit to a depth of about 100 meters (328 feet) below
the land surface (Montazer et al,, 1985).m7Preliminarx4femults show that this
unit has permeabilities to air of 1 x 10 to 7 x 10 nquare centimeters
(approximately equivalent to saturated hydraulic conduct: +ities of 0.6 to 10
meters per day). Permeabilities in this range must be douinated by fractures
because measurements of saturated matrix hydraulic condr c.ivities are on the
order of 1 miillimeter (0.04 inch) per year. Similar condi-tions are expected
deeper in the Topopah .‘pring welded unit, on the hasis or preliminary data
from drill hole USW UZ~1 and known high fracture frequencies (Scott et al.,
1983)« The ratio of permeabilities to air and watear for unsaturated rocks
indirectly indicates the potential for drainage.

The fractured, welded tuff of the host rock is known from drill-~hole
data to be contlnuous benecath the site (USGS, 1984); thus, free drainage
conditions within this unit are expected throughout. Hovever, it should be
noted that some fractures are likely to be impermeable because of secondary
mineral precipitation in the fracture openings. According to the conceptual
model of Montazer and Wilson (1984), lateral flow may occur along the top of
the Calico Hills nonwelded unit, possibly resulting in perching near major
faults, at the base of the Topopah Spring welded unit. However, such an
occurrence would be bhelow the repository horizon, and therefore, would not
affect free drainage through the repository.

No perched water was observed in the one unsaturated zone borehole
(USW UZ-6) that has been drilled within the primary repository area and that
penetrated the full sectfion of the Topopah Spring welded unit (Whitfield,
1985). This borehole, located on Yucca Ridge, was drilled using a vacuum
reverse—-alr~circulation drilling method, one that would permit ready
identification of perched zones if encountered. Future investigations will
evaluate the possible occurrence of perched water at the base of the unit
near the Ghost Dance fault.

Perched water may have been observed in two boreholes adjacent to the
primary repository area. These boreholes (USW UZ-1 and USW H~1) are located
in Drill Hole Wash, in a hydrogeologic setting where perched water might be
expected, according to the current hydrologic model of Yucca Mountain. Water
sampled from the bottom of USW UZ~]l (at 387 meters (1,270 feet)) in the
Topopah Spring welded unit) contalned hydrocarbons similar to those in
polymers used in the drilling fluid for USW G-1 about 305 meters (1,000 feet)
away (Henderson and Benson, 1983; Whitfield, 1985). Thus, the water is
believed to contain drilling fluid from USW G-1, but no determination was
made that naturally occurring water also was present.,

By means of a downhole television camera, small water seeps were
observed entering the well bore of USW H-1 from fractures 1in the Topopah
Spring Member (Rush et al., 1984). This well was drilled with a drilling
fluid of air foam, consisting of detergg?t and water and large volumes of
air; about 2.2 million liters (5.8 x 10~ gallons) of water was used during
drilling (Rush et al., 1984). No samples of the water seeping into the hole
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were obtained, and it could not be determined whether the water was drilling
fluid or perched warasr (Rush et al., 1984).

Evaluation for climctic regime

The meteorologtcal recording stations at Yucca Mountain have not been
operational long erough to yleld historically signifi_ant precipitation
records. Such records do exist, however, for several s ations in the region
(Bowen and Egami, 1983; Quiring, 1983). The annual aveiage precipitation at
Yucca Flat, 40 kilometers (25 miles) northeast of I'vcca Mountaln is
145 millimeters (5.7 inches); at Beatty, 26 kilometers (16 miles) to the west
of Yucca Mountain, the annual average precipitation 1is 114 millimeters
(4.5 inches). Precipitation at Yucca Mountain probably is slightly higher
than that at Yucca Flat or Beatty, because of the terrain and the higher
elevation. Average precipitation was estimated to be 150 millimeters
(5.9 inches) per year for an area approximately equivalent to the primary
repository area, which has an altitude range from about 1,200 to 1,465 meters

(3,940 to 4,805 feet) (Montazer and Wilson, 1984, using information from
Quiring, 1983).

Potential evapotranspiration was estimated by an empirical method
reviewed in Rosenberg (1974) that uses a yearly heat index and mean monthly
temperatures (the Thornthwaite method). Potential evapotranspiration for
Yucca Mountain, corrected for actual sunshine hours, 1s about 630 millimeters
(24.8 inches) per year. Therefore, the average annual precipitation, about

150 millimeters (5 to 6 inches), 1is about 20 percent of the annual potential
evapotranspiration.

It should not be inferred from this condition that all precipitation at
Yucca Mountain is evaporated. Intense summer storms and melting of winter
snows undoubtedly result in pulses of infiltration that reach depths that are

beyond the effects of evapotranspiration (i.e., net infiltration, or
recharge, occurs)., '

Conclusion

The host rock and the immediately surrounding hydrogeologic units are
not characterized by a low and nearly constant degree of saturation. The
host rock is 200 meters (656 feet) or more above the water table and
completely above the zone of continuous fully saturated voids. The
Paintbrush nonwelded unit, about 30 meters (100 feet) thick, ‘overlies the
Topopah Spring welded unit and will probably serve as a buffer to divert
pulses of water, but not necessarily beyond the limits of emplaced waste.
The highly fractured host rock would provide free dralnage 1if fracture flow
were to occur. Preclpitation is estimated to be less than 20 percent -of
potential evapotranspiration. Therefore, the evidence indlcates: that three
of the five favorable conditions for disposal in the unsaturated zone are
present at Yucca Mountain.
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6.3.1.1.4 Potentiully adverse conditions

(1) Expected changes in geohydrologic conditions—-guch as changes
in the hydraul:. gradient, the hydraulic conductivity, the effec-
tive porosity, and the ground-water flux through thk- host rock and
the surrounding geohydrologic units--sufficient to‘sigpificant{y
increase the trangport of radionuclides to the accessible
environment as compared with pre~waste—emplacement ~onditions.

Geohydrologic conditions can be affected by both c¢..astruction-induced
and naturally occurring processes. Construction~induc.-¢ changes generally
would be confined to « small volume of rock in the immed ite vicinity of the
repository and its shafts. Such changes are discussed .urther under the
guideline for rock characteristics (Section 6.3.1.3).

Natural changes in geohydrologic conditions may occur either in the
immediate vicinity of the repository or at greater distances from the
repository. The changes that might be expected include (1) changes in the
rate of ground-watei recharge caused by climatic changss, (2) 1increased
hydraulic conductivity or changes 1in the spatial relationships among
hydrogeologic units caused by tectonic movement, (3) changes in the effective
porosity caused by an increase in the number of fractures or by an increase
or decrease in their apertures, and (4) changes in the vertical distance to
the 2zone of saturation and, therefore, in the estimated radicnuclide
transport time to the accessible environment.

Evaluation for climatic changes

Major global climatic fluctuations probably will occur within the next
100,000 years, according to current knowledge of the dynamics of climate and
the geologic and climatic records of past changes. The causes of climatic
changes include increases in the global atmospheric concentration of carbon
dioxide and changes in the earth's orbit. The possible climatic effects of
these changes (Spaulding, 1983; Spaulding et al., 1984) are summarized below.

A substantial increase 1in carbon dioxide in the atmosphere would
increase the radiative heating of the earth's surface and result in the
melting of the Antarctic ice cap (Kukla and Gavin, 1981; Etkins and Epstein,
1982). The subsequent rise in sea level would not directly affect the Yucca
Mountain site, but temperatures could increase by 3°C (5°F) or more, and
summer rainfall would increase.

The configuration of the earth's orbit partly controls the solar
radlation received by the earth, and changes in the precession, obliquity, or
eccentricity of the orbit may be the principal causes of ice ages (Imbrie and
Imbrie, 1980). 1If so, orbital changes would continue to influence the
cooling trend of the last 6,000 years, with a glacial stage resulting in
about 23,000 years and a glacial maximum, similar in magnitude to that of the
late Wisconsin maximum (about 18,000 years ago) resulting in about 60,000
years. A return to pluvial climates would mean an increase in effective
moisture, but valley floors ‘would remain semiarid. The annual precipitation
could be assumed to be as much as 100 percent higher than that at present.
The mean annual temperature would be 6 to 7°C (l1 to 13°F) lower than that at
present (Spaulding et al., 1984).
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Evaluation of effacts of climatic changes on flow characteristics

The effects o: a return to pluvial climatic conditions include the
likelihood of 1incrrased recharge at Yucca Mountain. Associated with the
increased recharge could be increased unsaturated zone: flux and fracture
flow; increased water~table altitude; modified and shwrtened unsaturated
zone flow paths; ani modified saturated zone flow paths, hydraulic gradients,
and ground-water vi locitles.,

The amount of increased recharge that would ocer r under a return to
Fluvial conditions is highly uncertain and would depe:r upon a variety of
interrelated factors. These factors include not only th: amount of increase
in average annual precipitation, but the seasonal distribution and type of
precipitation; ihe amount and rate of snowmelt; and changes in evapotrans-
piration, runoff characteristics, and soll and plant cover. Czarnecki (1985)
estimated that, for an assumed 100 perceant increase in precipitation (based
on Spaulding et al., 1984), the ground-water recharge rate would be about 15
times the modern-day recharge rate. See Section 6.3.1.4.3 for a discussion
of uncertainties in this recharge estimate. The estimate: was made by apply-
ing the empirical technique of Eakin et al. (1951), and it does not take into
account the factors listed above; therefore, it principally provides an indi-
cation that recharge increases could be greater than precipitation increases.
The impacts of the increased recharge on the distribution and nature of flux
in the unsaturated zone are unknown. Fracture flow may occur in the Topopah
Spring welded unit, but the continued effectivenass of lateral flow and

caplllary and permeability barriers in maintaining low flux through the host
rock 1is unknown.

Increased recharge probably would result in an increased altitude of the
water table. Using the conservative increase 1n recharge rate of 15 times
the modern value and ether conservative assumptions, Czarnecki (1985) simu-
lated a water-table rise of about 130 meters (427 feet) (Section 6.3.1.4)
baneath Yucca Mountain. This amount would not result in inundation of the
repository, but much of the Calico Hills noawelded unit would become
saturated. Flow velocities and pathways in this unit would change because of
the change from unsaturated to saturated conditions, which would result in

increased hydraulic conductivity aund effective porosity and decreased
hydraulic gradient.

The computer simulations of Czarnecki (1985) indicated that, as a result
of increased recharge, changes in the direction of ground-water flow at and
near the primary repository area would be small, but vertically integrated
flux vectors would have a more southerly component. Saturated zone flux
magnitude would increase 2 to 4 times near the primary repository area,
resulting in decreased ground-water travel times to the accessible environ-
ment. The simulations also showed that ground-water discharge areas would
occur upgradient from their present locations, but they still would be beyond
the accessible environment boundary and, thus, would not necessarily affect
the transport of radionuclides to the accessible environment.

No evidence has been found for modern or Quaternary springs or seeps on
the flanks of Yucca Mountain, despite many detailed field investigations at

the site. Potential spring deposits of calcite, sf{lica, and sepiolite
asgsoclated with faults have been observed in trenches in the ilmmediate
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vicinity of Yucca Mountain. Preliminary conclusions are that these deposits
formed at or near sur./ace temperatures, and that there 18 no evidence to
indicate an origin di!fferent from the pedogenic process that resulted in

gimilar mineral assendlages in sand ramps near the site (Vaniman et al.,
1985).

Water from any future springs or seeps that might doavelop on the flanks
of Yucca Mountaln dusing periods of increased recharge wiuld not pass through
the repoaitory, because the flow would be perched and ti- repository would be
at a lower elevation than such springs. Water moving tiv.ough the repository
would enter the saturated ground-water system locally ard travel toward the
regional discharge arcas.

Evaluation of effects of changes in water-table altitude

A discussion of the potential effects of changes 1lu the position of the
water table on transport of radionuclides to the accesglble environment is
presented in Section 6.3.1.4.4. Assuming that the water table rises to its
maximum pluvial position, matrix diffusion and other retardation mechanisms
are expected to delay the transport of radionuclides to the accessible
environment so that U.S. Environmental Protection Agency release limits would
not be exceeded (see sections 6+4341.2+3 and 6.3.1.444),

Evaluation of effects of tactonic movement

The Basin and Range Province is tectonically active and 1is characterized
by earthquakes and past volcanic activity (Section 6.3.1.7). Faults of
Quaternary age occur near Yucca Mountain (Swadley et al., 1984). Fuyture
fault movement is shown in Section 6.3.1.7.5 to be unlikely to significantly
affect the geohydrologic system at Yucca Mountain. The rate of tectonic
activity is also likely to be slow enough that displacement of hydrogeologic
units over the next 10,000 years is expected to be insignificant.

The primary repository area is relatively free from faulting as compared
with the surrounding areas; however, the host rock is a densely welded tuff,
and the frequency of fractures 1s expected to be high. The unsaturated host
rock is free draining, and an increase in the number of fractures caused by
renewed faulting generally would not be detrimental. Movement along a fault
cutting the repository is not likely to have a significant effect on the flux
of water through the host rock, which would be expected to remain quite lowe.
However, if new faults penetrated units above the host rock, additional water
may be Intercepted and transmitted into the host rock if the fault zone was
more permeable than surrounding rock matrix. Any effect on the rate of waste
dissolution would be slight because of the overall low flux.

Tectonic movement at Yucca Mountain could result in an increase in the
number of fractures in the Calico Hills nonwelded unit. However, an increase
in fracturing within this unit probably would have no effect on flow unless
major new faults develop that could act as flow pathways. The matrix
hydraulic conductivity of the vitric Calico Hills unit generally 1is high
enough for it to tramsmit all the flux that enters from the matrix of the
overlying Topopah Spring welded unit. This 1is assuming the upper bound on
current flux estimates of 0.5 millimeter (0.02 inch) per year (Wilson, 1985).
For the zeolitic Calico Hills, fracture flow is likely to occur in portions
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with saturated hydraulic conductivity values of about 0.5 millimeter (0.02
inch) per year and .ess.

Even in the saiurated zone, fracture flow probably 1is not significant in
the tuffaceous beds of Calico Hills. Observations in dcill holes indicate
that this unit 18 generally less fractured than welded “uffs in the section.
In addition, hydra:lic data for the tuffaceous beds of Calico Hills within
the saturated zone at Well J-13 indicate that fracture rermeability 1s 0.094
to 0.15 meters £3.7 to 5.9 inches) per day, which is m derate (Thordarson,
1983). At Well UE~25b#1, the unit 1s more permeable lehoud et al., 1984);
this site is 1in Dril’ Hole Wash, where fractures not ty 'ical of most of Yucca
Mountain could account for the higher permeability. In the units below the
tuffaceous beds of Calico Hills, an increase in fracture frequency would have
little effect on flow rates. Drill-hole data indicate that most of the flow
occurs within fractures, which are already quite common in the moderately to
densely welded tuffs. The resulting small increase 1in hydraulic conductivity
probably would not be significant.

Potential changes in effective porosity due to tectonic movement pro-
bably would have a negligible effect on the transport of radionuclides to the
accessible environment. In the saturated tuffs where fracture flow is
dominant, a decrease in effective porosity would be accompanied by a larger
decrease in hydraulic conductivity because effective porosity is a function
of aperture size, whereas conductivity 1s a function of the square of the
aperture size. 1In the unsaturated 2zone, an increase in effective porosity
could occur as a result of fracture formation, which probably would increase
the ability of the host rock to freely drain excess water, a favorable
characteristic. In the saturated zone, effective porosity could increase by
fracture formation or dec¢rease by mineral precipitation. On the other hand,
the effect of a decrease in &ffective porosity by precipitation of minerals
in fractures may be offset by increased sorption due to fracture coatings
that are often very reactive minerals (zeolites, smectites, and manganese
oxides) and may increase retardation of radionuclides.

Conclusion

Substantial changes in geohydrologic conditions may result from possible
changes in climatic conditions. Tectonic movements are expected to have
minor effects on flow conditions. " No changes in geohydrologic conditions are
expected that would significantly increase the transport of radionuclides to
the accessible environment as compared with pre-waste—emplacement conditions
because retardation mechanisms are likely to remain effective. Therefore,
the evidence indicates that this potentially adverse condition is noi present
at Yucca Mountain.

(2) The presence of ground-water sources, sultable for crop
irrigation or human consumption without treatment, along
ground-water flow paths trom the host rock to the accessible
environment.

Evaluation

Ground-water sources suitable’ for human consumption are present along
probable flow paths from the repository gederally to the south or southeast
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toward Jackass Flats an‘. the Amargosa Desert (Waddell, 1982; Robison, 1984).
Possible ground-water sources along those flow paths are defined in the
guldelines as "aquifer: that have been or could be economically and
technclogically develojnd as sources of water in the forereeahle future,”
Ground water withdrawn from the Yucca Mountain area, for evw~mple, from wells
J-12 and .J-13, has beer used as drilling water for explorernry holes at and
near the Nevada Test $.te (NTS) and for other minor domest:: uses on the NTS,
The water extracted has not been used for irrigation.

Beneath Yucca Mouatain, the water—-resource potenti: . '8 low compared
with other areas in the vicinity of the NTS (Sinnock an¢ ¥ernandez, 1982)
because people do "ot normally drill for water from the to.,. of a mountailn,
especilally when the depth to the water table 1s much less in nearby valleys.
On the flats ocu the east side of Yucca Mountain (Fortymil=z Wash and western
Jackass Flats), the potential is considered to be higher. However, every-
where within the controlled area, the depth to water 1is more than 400 meters

(1,300 feet) and pumping water for irrigation from such depths is likely to
be uneconomical.

From the standpoint of the commercial value of ground water, irrigation
is not of major concern in the site area primarily because of the poor char-
acteristics of the alluvium, which make the site undesirable for agricultural
use. The alluvium is coarse gralned and drains rapldly except in the playa
areas, where the concentration of salts makes it unlikely that crops could be
grown. Pressure to develop ground water locally for human consumption is not
likely, because land use 1is restricted. FEven 1f extensive ground~water
extraction caused the water table to be lowered, this would result in a
thicker unsaturated zone, which would increase the travel time to the
accessible environment.

Conclusion

Ground-water sources suitable for crop irrigation and human consumption
are present at Yucca Mountain along ground-water flow paths between the host
rock and the accessible environment. However, because of the great depths to
ground water and topographic conditions, the ground-water resource potential
is small compared with that in nearby areas, such as the Amargosa Desert.
Nonetheless, the statement of the potentially adverse condition refers to the
presence of ground water, not to the likelihood of its use. The evidence
therefore indicates that this potentially adverse conditiom 18 present -at
Yucca Mountain.

(3) The presence in the geologic setting of stratigraphic or
structural features—--such as dikes, sills, faults, shear zones,
folds, dissolution effects, or brine pockets—-if their presence
could significantly contribute to the difficulty of characterizing
or modeling the geohydrologic system.

Evaluation
The available reports and conclusions about the general complexity of

the Yucca Mouritain area are discussed under favorable condition 3 of this
section.
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The geologlc characteristics of the surface at Yucca Mountain are well
known from detaile! mapping (see Figure 6-20, in Section 6.3.1.7) (Scott and
Bonk, 1984). Becatse of the numerous drill holes and ionterpretations of
geophysical data, 1t 1s unlikely that major unrecogni.ud features exist in
the subsurface. wocations and displacements of nornal faults can be
estimated with ressonable certainty (Bath and Jahren. 1984)., Zones with
small displacemeni, occur north of the primary repos!: ory area; the high
hydraulic gradlient in the area where they occur (Robison, 1984) indicates
that the permeabllity along these zones is probably 1, except for along the
lower part of Drill Hole Wash., Many holes have been .rilled in or near Drill
Hole Wash to characterize the zone. Small basaltiec dik s have been observed
on the flank of Yucca Mountaln northwest of the primary repository area;  they
may extend inte the primary area and may produce the magnetic anomalies
observed by Bath and Jahren (1984). -

Conclusion

As a result of extensive field mapping and geophyetical studies, faults,
fracture zones, and dikes are known to exist at and near the Yucca Mountain
site. These features will not prevent the formulation of conceptual models
for the geohydrologlc 'system. However, thelr presence contributes to the
difficulty of characterizing and modeling the geohydrologic system. There-:
fore, the evidence indicates that this potentially adverse condition is
present at Yucca Mountatn.

6.3.1.1.5 Disquallfying condition

A site shall be disqualified 1f the pre-waste-emplacement ground-
water travel time from the disturbed zone to the accessible
environment 1s expected to be less than 1,000 years along any
pathway of likely and significant radionuclide travel.

Evaluation

The time required for water to travel from the repository to the acces-
sible environment depends on the hydraulic properties of the formations
through which the water will flow, the hydrologic conditions, and the lengths
of flow paths. The flow path of interest at Yucca Mountain includes segments
in both the unsaturated and the saturated zones, as shown 1In the hydro-
geologic section in Figure 6-2. The rocks at Yucca Mountain consist mainly
of ash-flow tuff, bedded tuff, and lava that extend to depths greater than
1,829 meters (6,000 feet). Depths to the water table range from 500 to
750 meters (1,600 to 2,500 feet) below the land surface (Robison, 1984).
Figure 6-3 consists of a map of the Yucca Mountain site, showlng contours of
water—-table altitudes and drill-hole locations. A summary of key character-
istics and properties of stratigraphic and hydrogeologic units at Yucca
Mountain 18 shown in Table 6-17.

A portion of the precipitation that falls on Yucca Mountain infiltrates
below the land surface to become net infiltration. Net infiltration is the"

infiltrating water that does not remain in shallow storage or is not rapidly-
returned to the atmosphere via evapotranspiration, but rather moves downward

6«146

g 06008 10 60609



Lh1-9

ELEVATION IN METERS ABOVE SEA LEVEL

z =
o <
> —
: 3 5
(& w O 7] m 2
Q r =2 M < »
o < « -~
< w 18] . W [T
. m T T 2 oo z
1500 & 2 2 2 2 2 _s0003
e 2 g 5 |, =]
Z4 e S £ [eooog,
.000.f /% ] .:Ila:uﬁ.uan/n, — , ¥
1 : -
R R m—
oo / il 2000
\ % Lbbo@
_ <]
of ay -/ /s /ey 1] =~ b\ s Lo £
> 8
EE ALLUVIUM & TIMBER MOUNTAIN TUFF TC TIVA CANYON WELDED UNIT @ |
EZ3 reposiTory ™\ PAINTBRUSH NONWELDED UNIT o
{THICKNESS EXAGGERATED)
TSw TOPOPAH SPRING WELDED UNIT | o
~¥ors WATER TABLE CHn-v  CALICO HILLS VITRIC UNIT Q ,
$1{] FLUX THROUGH THE UNSATURATED ZONE CHp-z  CALICO HILLS ZEOLITIC UNIT :
2o B -
XX UNSATURATED FLOW PATHS USED FOR TRAVEL TIME oT OLDER TUFF UNIT
CALCULATIONS
™ SATURATED FLOW PATH FOR WATER THAT HAS PASSED 0 0.5 1
THROUGH THE REPOSITORY LEVEL e : = MILES
~p DEEP SATURATED FLOW PATHS FOR WATER THAT HAS NOT PASSED 0 0.5 1
THROUGH THE REPOSITORY LEVEL KILOMETERS
Figure 6-2, Conceptual hydrogeologic section from Solitario Canyon, northwest of the site, to Well J-13 in

Jackass Flats. The unsaturated zone is above the water table; the saturated zone

Modified from Scott and Bonk (1984),

is below the water table.



7780008
! T B
t
|
. 3471:‘9000
; I ! ‘
4 Y . ' ' !
Udlﬂ'l‘ g uﬁ-aun {
USW ES-1 \\@ ue-25A#7
] /usw G E-35a08 | [
e | UE-288¢1 — _— o N764000R
OEZ6Ae ———
| : |
| - ) UE-26WTwS |
—~ PERIMETER DRIFT o !.ue-zswuu
OF DESIGN REPOSITORY
s o= - —— - -— —_— . _)nwwd
| | '
PRIMARY : rewrain
REPOSITORY | vs-28ce | Legsrer . e
usw.wr-r' / \ [/ | AREA b ! S
— - ¥ {- —~ - L _— — - . . ~Jn§wo
[ ', { Usw WT-ll 0 0.6 1 ;
' j \ ! * vt I
I ( ‘mmoa ] MILE |
usk&oua} 0 05 1
N/ KILOMETER
| v o | I i .
- - - - —-— - _— -— _— _— . N750000
| ) +13 §
usz wT 1o§ § % g g °
iz 3 u i i

|

Figure 6-3, Water-table position at Yucca Mountain showing 20-meter contours of
water—table altitude, location of 'drill holes, outlines of the primary repository
area (dashed), and perimeter drift of the design repository (solid). Modified
from Sinnock et al. (1986). ;

6-148
a N A N A n & 7 3§



Table 6-17.

Dual clase . fication of Tertiary volcanic rocks at Yucca Mountain;
stratigrapaic units reflect origin and hydregeologic units
reflect hvdrologic properties

TUFF
LITHOLOGY

NYDROGEOEOGIC

SATURATED
MATRIX
HYDRAULIC

STRATIGRAPHIC UNIT UNIT CONDUCTIVITY COMMENTS
‘i
AHuvium - - Alluvium Generally high underlies wosh t1in loyer on fiots
Tiva Canyon MD Tive Canyon 1 w/yr Caprack thot dips . =10° eastword at Yucca
Member welded unit b4 Mountain. High fracwre density
Yucca
Mountain
lember
* Paintbrush Vitric, nonweided, “orous, poorly induroted, bedded
2 NP. 8 nonwalded unjt 3300 mm/ e in part. Low frocture dengity.
5 Pah Canyon
2 Member
)
£
[+]
o o
Densely to moderately weldad: several lithophysal
Topopan . cavity zones. intensely fractured. Central and
Spring MD TOS:::;:; S%(i"nq Q.7 mm/yrd lower part is polentinl nost rock for repository.
Member v Bulk hydrgulic conductivity in solurated zone east
of the site (at well J-13) about 1.0 m/doy.
/| Calico Hilis / vitric o /
// nonwelded /1 107 minjvr /
Tuftaceous beds NP, & ,(,P-\é,\" unit 6“/
of Calico Hitls B A&/@ w,’o K /
) kY
/'6‘* o o& / leotitic.
/ (\Q 4-/ / 0.5 Beneoth Yucco Mountain, base of units for un—
\ / /" mm/yrd § saturoted zone determined Dy woler tgble. Colico
Prow Pass /'é“ 7 4 Hills nonwelded unit s vitric In southwest Yucco
ember MD PP 0 88 ;rm/yr Mountoin, zeglitic in a3t and north.  Zealitic
‘/b boundary generally parallels the water tobie with
2 7 g vitric units dbove and zeciitic units below o
¥ NP, B PP /$° 2 m/yr tronsitionsl boundary.
k] NS
[ ”a
] 4 d
e Bulifrag MD BFW/ 118 mm/yr
5 Member /
° EF' Crater Fiot d
3 ikl Member 22 om/yr
NP, B /
Tram Member 22 men/yr None
Lovae Vary iow Occurs in northwest part of repository bilock.
Lithic Rigge Tuf! Very low None
Unditferentiated ' . -
. In USW H~1 hydrqulic heod abaut 50 m higher thon
Olger voiconics Very low water tabis. :
Nccurs 2.5 km east of proposed repository at depth
of 1250 m in YE~25p#1. where hydroulic head is
Pre—Tertiory Rocks Unknown about 20 m higher thaon water toble.’

Bulk hydraulic
conductivity high, probably due o high fracture
density

dpata from Montazer and Wilson (1984) except as indicated.

NP =
B = bedded.

nonwelded to partially welded; MD.= moderately to densely welded;

CHydrogeologic unit symbols: ;PP = Prow Pass welded unit; PP_ = Prow Pass

nonwelded unit; BF

= Bullfrog weldeg.unit; BF

= Bullfrog nonwelded unit.

Data from Sandia National Laboratories TuFf Data Base (SNL, 1985).
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into the deeper part:» of the unsaturated zome. Flux at any depth, also
referred to as percolition, is determined by the volume and the rate of net
infiltration and by i.he hydraulic properties of rocks in the unsaturated
zone., Upon reaching the water table beneath Yucca Mountain, percolating
water hecomes recharg: and joins other ground water in transit from sources
of recharge north or northwest of Yucca Mountain. The yround water then
moves generally hor, :ontally to the acceasible environrunt, driven by a
hydraulic gradient approximately equal to the slope of :'.¢ water table and
controlled by the hydraulic properties of the intervening rocks.

A discussion of the rationale used to derive a va..2 for unsaturated
zone flux at Yucca Mouutaln is presented below, followed .y a description of
the model that wrs used to calculate travel time 1in the unsaturated zone.
This model uses a range of values for effective porosity and saturated matrix
hydraulic corductivity to produce a distribution of travel times for a given
value of flux. A final section provides the calculation of travel time in
the saturated zone, so that the total travel time from the disturbed zone te
the accessible environment can be determined.

Unsaturated zone flux

The flux needed for the travel-time calculations for this evaluation is
the percolation rate (flux) between the disturbed zone aud ihe water table.
The primary repository area has a surface expression and also represeonts the
outline of the conceptual repository at depth (Figure 6-3). The primary
repository area occuples only a part of the physiographic feature called
Yucca Mountain. The northern half and southern tip of Yucca Mountain and the
fault zone that bounds the area along the eastern side are not a part of the
primary repository area. Recharge beneath the primary repository area
probably is less than recharge beneath Yucca Mountain as a whole. This
difference occurs because (1) lateral flow probably occurs above the
repository horizon and diverts some water beyond the repcsitory area to be
recharged along the eastern fault zone; and (2) much of the recharge at Yucca
Mountaln probably results from precipitation falling on parts of the mountain
where altitudes are greater than those of the surface expression of the
primary repository area. If these conditions exist, then the use of the
estimate of recharge (0.5 millimeter (0.02 inch) per year) occurring beneath
all of Yucca Mountain for unsaturated zone travel-time calculations beneath
the primary repository area is a conservative approach (i.e., the calculated
travel times would be shorter than those that would be predicted from a more
realistic value of flux). In order to evaluate the appropriateness and
degree of conservatism of this value, estimates and comparisons were made of
varlous flux parameters at Yucca Mountain, using two approaches (Wilson,
1985).

The first approach to estimate deep flux within and below the repository
was to analyze various lines of field and laboratory evidence (Wilson, 198523
Weeks and Wilsou (1984) estimated a matrix flux of 0.2 millimeter (7.9 x 10
inch) per year in the Topopah Spring welded unit, us{sg matrix properties of
core. Montazer and w1}§on (1984) estimate from 10 to 0.2 millimeter
(3.9 x 10 7 to 7.9 x 10 ° inch) per year of flux could be occurring in the
matrix of the Topopah Spring welded unit. This range of values 18 based
principally on analyses of thermal flux, properties of cores, and in situ
potential gradients., Montazer et al. (1985) indicate that an upper bound of
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0.5 millimeters ((0.02 inch) per year 1is consistent with the avallable
information. Prelialnary analyses of geothermal gradients indicate that an
upward component of vapor flux probably exists in the fractures of the
Topopah Spring welded unit (Montazer and Wilson, 1984 Montazer et al.,
1985). Although no firm value for moisture flux in ths Topopah Spring unit
has yet been established, all preliminary field and lalwvatory estimates are
less than 0.5 mill.meter (0,02 inch) per year.

The second approach (Wilson, 1985) was to estimate ground-water recharge
at Yucca Mountain by applying a technique developed b “axey and Fakin (1949)
and described furthe¢r by Eakin et al. (1951). The .«cchnique provides a
method for estimating ground-water recharge in basins 1. Nevada on the baais
of relationships that were established among altitude, precipitation, and the
percentage of preclpitation that infiltrates to beccwme recharge. The
relationships were established by equating basin recharge to ground-water
discharge for basins where this parameter could be estimated. For large
areas, net infiltration and recharge can be considered to be approximately
equivalent. Although 1nfiltration occurs sporadically iv anm arid environ-
ment, such as exists at Yucca Mountain, average annual net infiltration
probably 1s an appropriate input parameter for simulating flux conditions at
the substantial depths of the repository horizon and below. As noted by
Weeks and Wilson (1984), in unsaturated zones that are hundreds of meters
thick, the large near-surface fluctuations 1in soil-moisture tension that
result from episodic infiltration events followed by evapotransplration
become totally damped at depth, and deep percolation becomes nearly constant
with time. According to the conceptual model for Yucca Mountain developed hy
Montazer and Wilson (1984), relatively large pulses of infiltrating water
probably are transmitted through the Tiva Canyon welded unit but are damped
in the Paintbrush nonwelded unit by means of lateral flow or changes in
saturation, and are transmitted as steady-state flux through the potential
host rock, the Topopah Spring welded unit.

The Eakin method was applied by Rush (1970) to estimate average annual
recharge for basins in the Nevada Test Site area, including western Jackass
Flats and Crater Flat., These basins have Yucca Mountain as a mutual boundary
and include some areas where altitudes exceed 1,829 metexrs (6,000 feet).
Rush (1970) estimated an average annual recharge of 1.4 millimeters
(0.055 inch) per year for Jackass Flats and 0.6 millimeter (0.024 inch) per
year for Crater Flat. Czarnecki (1985) applied Rush's (1970) results to a
smaller area that included Yucca Mountain but excluded altitudes greater than
1,829 meters (6,000 feet). Gzarnecki (1985) calculated a value of 0.7 milli-
meter (0.027 inch) per year for recharge beneath the smaller area; he
adjusted this value to 0.5 millimeter (0.02 inch) per year. In Czarneckl's
(1985) analysis, almost all of the recharge was derived from precipitation
falling on an altitude zone that is about 305 meters (1,000 feet) higher, on
the average, than that of the surface area above the repository (altitude
1,220 to 1,524 meters (4,000 to 5,000 feet)). Thus, only a small part of the
0.7 millimeter (0.027 inch) per year recharge would be expected to come from
precipitation falling on the surface above the primary repository area. The
value calculated by Czarnecki (1985) is probably greater than the actual
value of ground-water recharge beneath the primary repository area at Yucca
Mountain. The surface above the primary repository area 1s not transected by
any major washes originating at higher altitudes that could transfer runoff
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downstream to be rerharged beneath the repository., Furthermore, the washes
that extend downwar~ from the ridges within the surface area above the repos-
itory may be effec. ive 1in carrying runoff that might otherwise become
recharge to locatio~s beyond this area. This 1s apparent in that runoff from
major precipitatior eventas is periodically carried awa: by Fortymile Wash.
Thus, considering hue altitude zone of the surface of tlie primary repository
area and the unceriainty in the Eakin method, recharge ‘s probably less than
0.5 millimeter (0.02 inch) per year according to Czaru...ki (1985).

Although the method described by Eakin et al, 11¢51) has been widely
used to estimate ground-water recharge in basins in Jrvada and Utah, the
technique prov*des only an approximation of recharge, & .d it was not intended
tor site-speciflc application. Czarneckl (1985) described some of the
limitatiors: 1local variations in topographic slope and aspect are ignored,
rock lithology and vegetation type and density are only indirectly included,
and drainage channels are treated the same as other areas. General hydro-
logic equilibrium is assumed to exist for the flow system, a condition that
may not prevail where thick unsaturated zones and long flow paths may result
in a substantial lag time between net infiltration, recharge, and discharge.
Furthermore, the method does not specify where recharge occurs; runoff that
crosses altitude zones can result in recharge in areas different from those
where the precipitation fell. The result 1is that predicted values of
recharge may be too small or too large, depending on whether runoff enters or
leaves the area. Despite these limitations, Watson et al. (1976), in an
evaluation of the method, concluded that it is the only practical method
available for estimating recharge 1n Nevada from data that now exist.

An indirect test of the Maxey-Eakin method also confirms that the
estimate of 0.5 millimeter (0.02 inch) per year for recharge at Yucca
Mountain probably 1is both reasonable and conservative (Wilson, 1985).
Recharge rates as a percentage of average annual precipitation for arid and
gsemlarid areas worldwide were compared to recharge estimates obtained by
applying the Maxey~Eakin method (Wilson, 1985). Although there are numerous
sources of uncertainty in the recharge estimates, recharge rates for many of
the areas are less than predicted by the Maxey-Eakin method. Especially
significant are five areas where recharge 1s estimated to be less than 0.5
percent of precipitation. Each of these areas receives precipitation that 1is
greater than the 150 millimeters (5.9 inches) per year at Yucca Mountain, and
recharge as a percentage of precipitation varies from O to 0.12 percent.
These worldwide data appear to support the conservatism of the recharge
estimate of 0.3 percent of 150 millimeters (5.9 inches) per year, or 0.5
millimeter (0.02 inch) per year for Yucca Mountain, Field and laboratory
investigations planned for site characterization are intended to provide
further confidence in the estimate of recharge beneath the primary repository
area at Yucca Mountain.

In conclusion, various lines of reasoning and evidence demonstrate that
0.5 millimeter (0.02 inch) per year is a congervative value of flux to use in
calculating unsaturated zone pre-waste-emplacement travel time. Fleld and
laboratory evidence and assessments of the precipitation-recharge relation-
ship for the primary repository area Iindicate that the unsaturated zone flux
below the repository horizon is less than 0.5 millimeter {0.02 inch) per year
(Wilson, 1985). For this reason a value of 0.5 millimeter (0.02 inch) per
year is used in the calculations of ground-water travel time and in several
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other calculatiors reported in this eunvironmental assessment. It 1is
considered to represent the upper bound to the estimated range of current
flux below the rep.sitory horizon. Investigations conducted during site
characterization wi 1 further define unsaturated zone fiux.

Calculation of unsaturated zone travel times

Because the th-.cknesses and hydraulic properties yi the hydrogeologilc
units that make up the unsaturated zone at Yucca Mount:: are varigble, an
approach was devaeloped to take this variability into accaunt in calculation
of travel times (Sinnock et al., 1986). The disturbed z.une was assumed to
extend to a position 50 meters (164 feet) below the midplane of the
repository. A projection of the perimeter drift of the design repository
(see Figure 6-3) on the surface of the disturbed zone was divided into 963
columns, extending to the water table. Total unsaturated zone thickness and
the thicknesses of hydrogeologic units between the disturbsd zone and the
water table are shown in Figure 6-4. The travel time to the water table
through each of the 963 vertical columns was determined. The total travel-
time distribution for a given value of moisture flux will be presented -.as a
contour map, a histogram, and a cumulative-frequency didgram of travel ﬁimeaf
Table 6~18 shows the values for hydraulic parameters used for these cal=
culations, including means and standard devigtions for effective porosity and
saturated matrix hydraulic conductivity for the seven hydrogeologic units
considered in this calculation. '

As summarized above, the three-dimensional volume of each hydrogeologic
unit beneath the repository area was subdivided into 963, 76.2-meter (250~
foot) square vertical columns, with each column enclosing 5,806 square meters
(62,500 square feet) (Sinnock et al., 1986). Each column was divided into.
3.05~meter (10~foot) thick elements, giving a three~dimensional grid of the
gite composed of 80,521 elements, 10 feet thick and 250. feet on each side.
See Figure 6~5 for a schematic drawing of the columns and elements used: in
the model. The particle velocity for each element within a. particular
hydrogeologic unit was calculated by using a value of saturated matrix
hydraulic conductivity that was obtalned by standard statistical sampling
methods from the frequency distribution that best describes the conductivity
data for that particular unit. This randomly selected value of conductivity
was compared with the value of flux. If the flux value was less than 0.95
times the saturated matrix hydraulic conductivity, 1t was assumed that the
flow within that element was entirely in the porous rock matrix, and a value
of matrix effective porosity was then chosen by random sampling from the
frequency distribution of porosity values for the appropriate hydrogeologic
unit. The water particle velocity for each alement was then calculated by
dividing the flux value by the sampled effective porosity, assuming a
hydraulic gradient equal to-1.0: The velocity was modified, -according to
concepts explained by Brooks and Corey (1966), to account for the relation
between effective flow area and saturation (see Table 6-18 for the formula
used to calculate particle velocities).

The value of 0.95 was used for the compafison of the flux value with
saturated conductivity to account for potential initiation of fracture flow.
at saturations less than 100 percent (Sinnock et al., 1986). If the ratio of

flux to the randomly sampled valueof satiurated matrix- hydraultc-condueciviey~u%

was equal to or greater than 0.95, it was assumed that fracture flow occurred
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Table 6-18., Parameters used in travel-time calculations for the unsaturated zone

Hydrogeologic 1
ungt? b
‘ T8, CHpoy CHp-g PP PP, BF, bR Remarks
Parameter
1 = gh/gp = 3%w/ok + 3z/dl
Hydraslle | 1.0 1.0 1.0 1.0 1.0 1.0 1.0 whore L = x,y,3, d¥/00<<1.0
gradieat (1) " and 9u/pd =0e/d8 = 1.0, i.e. vertical
y  @ravity flow 1a apsumed.
Rl
N arated- 0.7 107 1 0.5 88 22 118 22 K, = 1n-} (mean[in(Ky)))
wmatrix S
hydraulic
c:nduc ;¥§gy (31) (8) (31) (10) (7 (2) (NA) Values in parentheses are the number
of measurements.
" T
Kg - 10 0.1 1.9 0.0 29 3 58 3 -
(am/yr) ‘ : '
- . | 210(X5) = Ry + 1~ ipo (kg
R+ 10 4.1 6,090 7.6 261 142 240 142
(nm/yr)
Wa = Ap(i=Sp), wherd oy
Mean 0.11 0.32 0.27 0,24 0.25 0.22 0.25 is the mean bulk, dey:porosity and
Effective Sp 18 reéid‘uél‘ saturdtion, .
Porosity +.05 +.09 +.05 +.06 +.06 +.09 +.06 ’
g t 1O ) Ordered pairs 1n parentheseu
(138, 12) (23, 6) ] (63, 10)] (27 4) (75, 2)}) (120, 2) (NA) are. pumbér of measurementSa
of ny and ‘Spy respectively.;
Thickneeecs between discurbed zone
Range of o and water table for area wi hin
thicknesses ? 0-72 0-135 0-133 0-44 0-122 0-91 © 0-5% tho design repository bound ries.
' Tee - Values &n parentheses are dprcentagce
(98.5) (95.3) (94.5) (85.2) (63.1) (25.6) (7.%) of totsl repository are underlain
' by the unlts. @
Ll E i j %
5| Td : z ~1/e
o v g Va (‘l/.ne) (q/Ks) » where G
§ Lo 5.0 5.5 1.9 7.6 4.1 7.3 R n, and ks are Mean values and q is flux
PN ¥ é i
>t ,
o : | Values {n parentheses indicdte
<8l 9 8.9 9.4 3.4 12.8 7.2 12.5 7.2 fracturé-flow velocity calcpilated
o=l mb as (q-K;)/0.0001, where O. 0001 is the
] E | (2,780) (4,650) ; asaumed’effective porosity ?f fractures,
A o :
Empirical conatant that repkenents the
) offectsj of the relationshipbetween
e iR : - : pore-sige distribution and gaturation
(3 5.9 4.2 7.0 4,0 5.2 4.6 5.2 on the hmount of the effective porosity,
; : ! ng, available for flow; theleffect of €
L “is to Treduce flow area and ihua
i increase particle velocity &elative to
? valuea galculated using q/n,
i i
! | i3
a

TS = Topopah Spring welded umit; CH = Calico Hills vitric unit; CH: =
Calico Hi1ls zeolitic upit; PP = Prow Pagh welded unit; PP_ = Prow Pass nghwelded
unit; BF = Bullfrog welded unit; BF = Bullfrog nonwelded untP,

Assumed to be hydrologically identical to PP .

Saturated conductivity and effective porospty data are from Sandia National
Labogatories Tuff Data -Base (SNL, 1985),: C

Range of thickness, Sandia National Laboratories Interactive Graphics Information
System (IGIS) (SNL, 1985).
Values calculated from data in Peters et al. (1984).

6-155 .
a NN 0N N N & 7 a



DESIGN
+——REPOSITORY
OUTLINE

BC'NDARY OF
DISTURBED ZONE

(60 meters below
250 f1 x 260 ft Repository mid-plane)

columns

METHOD 2

/
)
]
7

METHOD 1

UNIT N

Water Table

TRAVEL TIME (TT)
FOR EACH COLUMN

Figure 6-5. Schematic diagram 'illustrating' three-dimengiohal geometry for
multiple elements 10 feet thick. In Method 2, only 1 element 1s assigned to
each unit and 1ts thickness equals the unit thickness, Modified 'from'Sinnock
et al. (1986). )
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for that quantity of fiun in excess of the value of saturated matrix sonduc~
tivity (or in excess of /.95 times conductivity when the ratio of flux to
hydraulic conductivity i~ between 1.0 and 0.95). An effectlve porosity of
0.0001 was assumed for a:l fracture flow, and the velocity of flow in
fractures for each elemet was determined by dividing the calculated value of
flux in the fractures by 0.0001. The portion of flux remairiag in the matrix
was used to obtaln a ma%zix-flow time as well as a fracture-fInw time for
each element characterited by fracture flow. Matrix-flow t'ues for these
dual porosity elements were usuclly greater than the fractu. »-flow times;
howevar, the shorter of matrix or fracture flow time was use’ to generate the
travel-time distribution through these elements.

This procedure vas repeated for each 10~-foot thick elemeit within each of
the 963 vertical columns for each hydrogeologic ‘unit occurring between the
disturbed zone znd the water table (Sinnock et al., 1986). The sum of all
individual-element travel times represents a value of travel time along one
column, This procedure was repeated 10 times for each column to provide a
representation of the variation 1in travel time due to the variation in
hydraulic parameters. Reflecting the varying thicknesses snown in figures
6~4(B) through 6-~4(H), each column ias composed of differing thicknesses of
the various unsaturated zone hydrogeologic urits. These differences produce
a source of variation in travel time in addition to the variation caused by
random sampling of parameters, It was determined that differences in thick-
ness of hydrogeologic units have a greater influence on the modeled travel
times than the variations due to use of randomly selected:.values for
hydraulic parameters.

Results for the upper bound on estimated flux of 0.5 millimeter
(0.02 inch) per year are shown in figures 6~6 and 6~7. Figure 6~6 shows
smoothed contours of travel time in 5,000-year intervals from the disturbed
zone to the water table. This travel-time contour map clearly shows a
gradient from the shorter travel times of less than 20,000 years on the east,
to travel times greater than 60,000 years on the south. Note that this pat-
tern correlates well with the thicknesses of major hydrogeologic units shown
in figures 6-~4(B) through 6-4(H). Figure 6-7 shows a histogram of travel
times for the 10 realizations for each of the 963 columns. Cumulative-~
frequency curves are also provided in Figure 6~7 illustrating how travel
times within each hydrogeologic unit contribute to the distribution of total
travel times. The minimum travel time is estimated to be 9,345 years, with a
mean travel time of 43,265 years and a maximum of 80,095 years (Sinnock et
al., 1986), 1t should be noted that minimum and maximum travel-time values
cannot be observed on the histogram because of the intervals used to
construct the histogram. However, the above values were obtained from the
output used to plot the histogram.

Several major assumptions underlie the calculations presented in this
section. The first assumption 1s that unsaturated zone flux below the dis-
turbed zone is vertical and uniformly distributed in time and space (i.e.,
the unsaturated zone at Yucca Mountsain i1s assumed to have.a vertical
hydraulic gradient determined solely by gravity). The hydrologic properties
of the rocks above the repository are probably able to dampen episodic
infiltration so that nearly steady-state flow occurs between the repository
and the water table. An assumption of a vertical hydraulic gradient of unity
is probably conservative because the occurrence of lateral flow would reduce
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this value to less than one, thereby decreasing the particle velocity. Only
in the case of div:rsion to a zone of higher permeability would this
assumption be nonconservative.

A second major assumption is that the effective hviraullc conductivity
through the matrix of any given rock volume delicately adjusts by changes in
saturation so that the effective conductivity exactly <quals the flux. This
assumption is particularly important where the value ¢~ conductivity 1is less
than the flux. In these cases, the matrix 1s assumed t'n conduct water up to
an amount equal to the saturated conductivity, whili the remainder of the
flux travels in froctures. If the flux 1s less ta.n the saturated
conductivity for a particular interval, the relations among pore sizes,
saturations, and capillary pressures are assumed to adjust to yield an
effective conductivity just sufficlent to pass the flux under a gravity-
controlled gradient.

A third assumption underlying these calculations 1s that, at certain con~-
ditions of saturation, water probably does not move rapidly through fractures
until flux approaches the saturated matrix hydraulic conductivity. Concepts
from other authors reviewed in Sinnock et al. (1984) support this assumption.
These references indicate that negative capillary pressures exerted by the
pores of the matrix are sufficlently strong to rapidly draw water away from
fractures (where pressures are much less negative) even when the matrix 1is
nearly saturated, This capillary~-driven advection probably precludes
significant, sustainable fracture flow where the conductivity is less than
the flux within the unsaturated tuffs beneath the repository. Some flow may
take place in thin layers along the walls of fractures under unsaturated
conditions. Such flow would, however, be likely to have the same properties
as flow in the matrix (Montazer and Wilson, 1984).

All evidence indicates that flux 18 less than 0.5 millimeter (0.02 inch)
per year (Wilson, 1985). Nevertheless, travel time was also calculated for a
flux of 1.0 millimeter (0.04 inch) per year, or twice the upper bound flux of
0.5 millimeter per year (0.02 inch per year) (Sinnock et al., 1986). A total
travel—-time histogram is shown in Figure 6-8. Even for this unrealistically
conservative estimate of flux, the data plotted on this histogram show a
minimum travel time in the unsaturated zone of at least 3,700 years, a mean
travel time of 21,045 years, and a maximum of 45,190 years. Results of these
calculations provide confidence that the 1,000-year travel time required by
the disqualifying condition would be satisfied even with a flux that is much
larger than expected.

In these calculations, the values of conductivity and the method of
sampling result in a low probability that fracture flow will ba identified
for all vertical elements in a single column from the disturbed zone to the
water table. Similarly, both rapid and very slow matrix flow, calculated
from random sampling of effective porosity, are extremely unlikely to occur
throughout a vertical column. To examine sampling effecte that may be due
simply to the sampling method, an alternative approach, shown as Method 2 in
Figure 6-5, was implemented whereby one value of conductivity and effective
porosity chosen by random sampling was used for the entire thickness of each
hydrogeologic unit (Sinnock et al., 1986). To generate probabilities of flow
times, the sampling was repeated 100 times for each column. This approach
yilelds higher, but probably physically unrealistic, estimates of the
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probability of coniinuous fracture flow and rapid matrix flow than the
10-foot interval ssapling method described above, which more realistically
accountg for verts:al as well as horizontal variaticn in the sampling
parameters.

The cumulative frequency curves generated by the two sampling methods for
a flux of 0,5 mill meter (0.02 inch) per year are comuiared in Figure 6-9.
Although the overly conservative method (l.e., Method 2: single value per
hydrogeologic unit) predicts travel times of less than 1,000 years for the
Ne5 millimeter (0.02 inch) flux value, this probability 1is less than
2 percent (Sinnock et al., 1986). The results from tii: highly conservative
modeling approach ar. included to indicate the potentia. effect of variations
in hydrologic¢ pirameters in the vertical direction and L acknowledge travel
times that could occur in the highly improbable situation in which fracture
flow was sustained throughout an entire hydrogeologic unit.

Comparison of methods 1 and 2 (Figure 6~9) also shows that as more physi-
cal realism is introduced into the travel-time model, the range of travel
times 1s likely to be compressed. Moving from Method . to Method 1 clearly
had the effect of removing the low-probability, extreme values in the tails

of the frequency distribution of travel times from the disturbed zone to the
water table.

Calculation of saturated zone travel time

For the saturated zone, the assumed flow path extends from the eastern
edge of the primary repository area southeastward (see Section 3.3.2.1) for
5 kilometers (3 miles) to the accessible enviromment (Figure 6~3). Approxi-
mately 80 percent of this path (4 kilometers (2.4 miles)) 1is in the
tuffaceous bheds of the Calico Hills, and the remainder of the flow path
(1 kilometer (0.6 mile)) would be through the welded Topopah Spring Member or
the welded Crater Flat Tuff (Prow Pass or Bullfrog member). Estimates for
ground-water travel times along this travel path have been made using the
following assumptions:

1. Darcian flow applies.

2. Flow paths are horizontal.

3. The water-level measurements shown in Figure 6~3 (based on Robison,
1984) provide a reasonable estimate for the hydraulic gradient
along the flow path.

4, The system 1s isotropic within each unit, and hydraulic conduc-
tivity values obtained from hydraulic tests of wells in the
southeastern Yucca Mountain area are representative of the values
along the flow path,

5. Calculated effective fracture porosities from Sinnock et al. (1984)
are reasonably conservative for flow in the saturated tuffaceous
beds of the Calico Hills.

The average saturated hydraulic conductivity for the Calico Hills has
been estimated to be 69 meters (230 feet) per year on the basis of values of
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0.26 meter (0.85 fyot) per day from pumping tests in Well UE-25h#1 (Lahoud et
al., 1984) and 0.1: meter (0.4 foot) per day from Well J-13 (Thordarson,
1983). The saturatad hydraulic conductivity for the Topopah Spring Member is
estimated to be 36% meters (1,198 feet) per year on th: basis of 1.0 meter
(3.28 feet) per dav from Well J-13 (Thordarson, 1983).

On the basis of these assumptions, the hydrauli: gradient has been
estimated using wuter-level altitudes of 730.1 meter. (2,395.3 feet) at
USW H-4 and 72€.1 meters (2,388.8 feet) at Well J-13 (iobison, 1984). The
distance between these wells 1s approximately 6.1 k.lumetere (3.8 miles).
The hydraulic gradient within each of the two units ha been estimated from
the two water-level altitudes, the two hydraulic conductivity values used,
and the property of mass conservation, which requires that the amount of
water flowing through the Calico Hills unit is the same ag that flowing
through the Tonopah Spring unit. Uncertainties 1in these estimates of
hydraulic gradient include the fecllowing coniponents: with very low
gradients, small errors in the measurements can have significant effects on
the value of the gradient; the measured water level a* Well J-13 could be
expected to be lower than the static water level because of pumping, thereby
resulting in a steeper estimated gradient; and vertical components of flow
may be present. Because vertical flow would have “the effect of lengthening
the flowpath, the assumption of horizontal flow is probably' conservative,
although Waddell et al. (1984) indicate that the coutrols on ve(tieal and
horizontal flow at Yucca Mountain are variable and generally unknown

Table 6~19 shows these values and provides estimates for travel times
through the two units mentioned above. On the basis of these estimates, the
cumulative travel time through the saturated zone is about 141 years.

This estimate of travel time 1s considered to be conservative, based on
the assumptions mentioned above and on the fracture effective porosities
reported by Sinnock et al. (1984). Thege effective porosities were
calculated by multiplying the fracture density from Scott et al. (1983) by
the effective aperture (calculated from a relationship provided by Freeze and
Cherry, 1979). The resulting effective porosities are considered to be
reasonable estimates for fracture flow in the saturated zone. However,
estimates of saturated effective porosity for both matrix and fracture flow
range from 8 to 12 percent (Sinnock et al., 1984); 2.7 to 8.7 percent for the
Topopah Spring Member (Thordarson, 1983); and 20 to 30 percent for the Calico
Hills vitric unit (Sinnock et al., 1984). These effective porosities are
more representative of the hydraulic conductivities indicated in Table 6-19,
and in particular of the water-bearing nature of the Topopah Spring Member in
the vicinity of Well J~13 (Thordarson, 1983). Use of more realistic values
of effective porosity would be likely to lead to a saturated ground-water
travel time at least ten times greater (i.e., approximately 1,000 years) than
that indicated in Table 6-~19. However, as no data exist to indicate that
matrix flow predominates over fracture flow, the effective porosity used in
this analysis assumes fracture flow in order to provide a conservative
travel-time estimate.

Summary of travel times

A summary of total travel times is provided in Table 6-20 for the upper
bound on flux of 0.5 millimeter (0.02 inch) per year. Adding the saturated
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Table 6-19. Estimaies for ground-water travel times through the saturated

zone
Unic
Parameter Calico Hills Topopah Spring
Length of path (m)? 4,000 - 1,000
Hydraulic conductivity (m/yr)b €9 B 365
Hydraulic gradientc 4.6 x 10'-4 8.6"1!'10“5
Darcy velority (m/yr)d 3.2 x 10"2 3.1 x 10—2
Calculated effective fracture -4 -3
porosity® 4 x 10 2.8 x 10

Particle velocity (m/yr)f 80 ‘ 4 ' 11
Travel time (yr)8 50 Ce 91

2] meter (m) = 3.281 feet
Hydraulic conductivity for Calico Hills from Lahoud et al. (1984). and
Thordarson (1983); Topopah Spring from Thordarson (1983).
Based on water levels at wells USW H-4 and J~13 and conservation of
mass
Darcy velocity = (hydraulic conductivity) x (hydraulic gradient).
2 Data from Sinnock et al, (1984),
Particle velocity = (Darcy velocity)/(bulk effective porosity).
€ Travel time = (length of path)/(particle velocity).

zone travel time of about 140 years to the minimum, mean, and maximum
unsaturated zomne travel. times produces total minimum, mean, and maximum
travel times of about 9,485; 43,405; and 80,235 years.

Conclusion

Using an upper bound on the estimated unsaturated zone flux and a range
of values for saturated hydraulic conductivity and effective porosity at the
Yucca Mountain site, egtimates of the expected pre~waste~emplacement ground-
water travel time along any path of likely and significant radionuclide
travel from the disturbed zone to the accessible environment are more than
1,000 years. Therefore, the evidence does not support 8 finding that the
site is disqualified (level 1). .
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Tsble 6~20. Summary of total travel time for upper bound flux
of 0.5 millimeter per year

Travel paths Travel :imes (years)

———

Unsaturated zone SRR T

Minlmum 9,345
Mean 43,265 . "
Maxdimum S H0,095
Satursted zone A
Calico Hills segment .39,
Topopah Spring segment C9]
PR I R JEVE B RPREI IRETI N FE I
Total travel time® ~ i . e b
Minimum . foo 9,483 ,
Mean 43, 405
Maximumn 80,235 v i

87otal travel time is the total saturated zone ‘travel tiﬁe‘(rounded'to
the nearest 10 years) addedfto ‘the mfnimum, meaﬁ and'maximum unsaturated
zone travel time. ST _ (AT :

6e3.1.1.6 Evaluation and conclusion for: the'qualifying condition on: the
poqtclosuve gedhydrology guideljne ot Cor e

Evaluation

The evaluation of the geohydrology disqualifying condition in the
previous section shows.that the ground-water travel time from the disturbed
zone to the accessible: environment for the upper bound on ‘flux of 0.5
millimeter (0.02 inch) -per year has & 'medn value of about 43,405 yedrs, with
a range of values from 9,485 years to 80,235 years.

Climatic changes during the Quaternary Period may have caused cyclic
fluctuations 1in precipitiation, infiltration, recharge, and water~table
altitude beneath Yucca Mountain.'  Analyses presented in Section 6.3.1:2.3
establish the potential effectiveness of matrix diffusion as an agent for
delaying the release of radfonuclides to the accessible environment by
factors of at least 100 and perhaps as much as 400. On theé basis of these
estimated retardation factors, Sectlon 6.3.1.4.4 presents a 'discussion of the
potential effects of climatic changes on radionuclide releasés from a
repository at the Yucca Mountain site. Considering conservative retardation
factors and the maximum water-table rise that has been simulated for full
pluvial conditions, radionuclide travel times from the repository to the
accessible environment are expected to remain sufficiently long so that
release limits could not be exceeded. '
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Although the Yucca Mountain site 18 considered complex from the
standpoint of geoloxliec structure and characterization of the unsaturated
zone, methods are «:ailable to obtain all the information necessary for
prediction of long-term sgite performance with reasoir.ible certainty.
Preliminary predictions of performance are availlable in :he geochemistry and
performance assessment sections of this environmental u#ssessment, In
favorable condition 4 in Section 6.3.1.2, both an exper .wental and a modeling
approach are presented for estimating radionuclide r. eases from the
engineered barricr system (EBS). For flux estimates t.a. are twice the upper
bound of 0.5 millimeter (0.02 inch) per year, releases cstimated by either
method are well within the EBS release limits of 1 pari ‘n 100,000 per year
of the 1,000 year inventory. Sectlon 6.4.,2 presents prel.minary estimates of
cumulative radioactivity released to the accessible envirvonment at 10,000 and
100,000 years after repository closure for a 0.5 millimeter (0.02 1inch) per
year flux. All cumulative radiocactivity release values at 100,000 years
after closure are below the cumulative releases permitted for 10,000 years

after closure in 40 CFR Part 191 (1985), and cumulative releases at 10,000
years are essentially zero.

Conclusion

Quantitative analyses show that the expected radionuclide releases from
the engineered barrier are lesg than ! part in 100,000 (Section 6.3.1.2);
they also show that the expected releases to the water table over the next
10,000 years would be essentially zero (Section 6.4,.2). Analyses of ground-
water flow time, ground~water flux, and radlonuclide retardation further
support the position that the characteristica of the Yucca Mountain site aud
the processes operating there permit, and probably ensure, compliance with
the limits on radionuclide release to the accessible environment. Therefore,
the evidence does not support a finding that the site 1is not likely to meet
the qualifying condition for geohydrology (level 3).

6.3.1.1.7 Plans for site characterization

- Various hydrologic tests are planned during site ‘characterization,
including tests during the construction and in situ phases of the exploratory
shaft program at Yucca Mountain. Radial boreholes from the shaft will be
used to determine vertical permeability and to evaluate the extent of
mining~induced changes 1in vertical permeability near the shaft. Vertical
flux and flux mechanisms, particularly across the boundaries of hydrogeologic
units, will be evaluated by injection tests and continuous monitoring in
boreholes. Samples of pore water will be dated and used to help evaluate the
flow velocities and travel times through various units. Thermal logs will be
used as another means for estimating the vertical movement of water 'in the
unsaturated zone, which is important for confirming estimates of flux and
travel times.

A bulk-permeability test will be conducted during the in situ phase of
testing to establish the hydrologic characteristics of a larger volume of the
hogt rock than can be sampled from a borehole. The results of this test will
improve hydrologic models and allow comparisons with borehole and laboratory-
scale measurements. Also planned is an infiltration test, designed to obtain
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the hydraulic propertier of the host rock, including permeability and flow
characteristics, and t¢ provide data for curves of hydrauviic conductivity
versus the matric potern:ial.

Hydrologic testing of the unsaturated Calico Hills nor:welded unit, which
underlies the host roci, is also planned. Determination I the tramnsport
properties and barrie- characteristics of this unit wil. he extremely
important in establishing its capacity for the retardatior of radlonuclides.
Borehole testing of the saturated zone will be conducte to assist in
evaluating conceptual models of ground-water flow and tc¢ :2termine probable
flow pathe and flow properties.

6.3.1,2 Geochemistry (10 CFR 960 ,4~2~2)

6.3.1.2.1 1Introduction
The qualifying condition for this guideline is as follows:

The present and expected geochemical characteristics of a site
shall be compatible with waste containment and isolation.
Considering the likely chemical interactions among radicnuclides,
the host rock, and the ground wakter, the characteristics of and
the processes operating within the geologic setting shall permit
compliance with (1) the requirements specified in Section 960.4~-1
for radionuclide releases to the accessible environment and

(2) the requirements specified in 10 CFR 60.113 for radipnuclide
releases from the engineered~barrier system using reasonably
avalilable technology.

The geochemistry technical guldeline addresses the present and expected
geochemical characteristics of the proposed Yucca Mountain site and provides
the basis for demonstrating compatibility with performance objectives for
waste contalnment and isolation as specified in the Nuclear Regulatory
Commission and the U.S. Environmental Protection Agency technical criteria.

This guideline contains five favorable conditlons, three potentially

adverse conditions, and one qualifying condition. The evaluations reported
below are summarized in Table 6-21.

6.3.1,2.2 Data relevant to the evaluation.

Summary of availablevdaté

The mineral content, mineral composition, and petrographic texture of
the rocks at and near Yucca Mountain have been determined from drill-core
rock sampleg and bit cuttings (Heiken and Bevier, 1979; Sykes et al., 1979;
Carroll et al., 1981; Bish et al., 1982; Caporuscio et al., 1982; Bryant and
Vaniman, 1984; Levy, 1984a; and Vaniman et al., 1984). The mechanism apd
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Table 6-21.

Summary of analyses for Section 6.3.1.2; geochemistry {10 CFR 960.4-2-2)

Condition

Department of Energy (DOE) finding

€]

(2)

(3)

FAVORABLE CONDITIONS

The nature and rates of the geochemical pro-
cesges operating within the geologic setting
Je g tne Quateinary Peiiocd would, if con-
tinued into the future, not affect or would
favorably affect the ability of the geologic
repository to isolate the waste during the
next 100,000 years.

Geochemical conditions that promote the pre-
cipitation, diffusion into the rock matrix,
or sorption of radionuclides; inhibit the
formation of particulates, colloids, inor-
ganic complexes, or organic complexes that
increase the mobility of radionuclides; or
inhibit the transport of radionuclides by
particulates, colloids, or complexes.

Mineral assemblages that, when subjected to
expected repository conditions, would remain
unaltered o would alter to mineral assem

c-.zzes with equal or increased capability to
retard radionuclide transport.

A combination of expected geochemical condi-
tions and a volumetric flow rate of water in
the host rock that would allcw less than
C.0G! percent per year of the total radio—
nuclide inventory in the repository at

1,000 years to be dissolved.

The evidence indicates that this favorable condition
is present at Yucca Mountain: sorptive minerals
(zeolites) were present in the tuff at Yucca .
Mountain throughout the Quaternary time; they are
still present and are expected to contribute te
isolation over the next 100,000 years.

The evidence indicates that thils favorable coadition
is present at Yucca Mountain: geochemical proper-
ties are expected to promote matrix diffusion;
zeolites along flow paths will sorb radionuclides;
organic complexes that would increase radionuclide
mobility are not present; particulates and colloids
may be filtered by tuffs, thereby inhibiting
transport.

The evidence indicates that this favorable condition
is present at Yucca Mountain: the radionuclide-
retardation capacity of tuffs is not expected to
degrade because of repository conditions.

The evidence indicates that this favorable coadition
ie present at Yucca Mountain: expected geochemicatl
conditions and vertical flux of less than 0.5 miili-
meter (0.02 inch) per year are expected to iimit
release to less than 0.00! percent per year of total
radionucliide inventory at 1,000 years after perma-
nent closure.

s
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Table 6-21.

Summary of analyses for Section 6.3.1.2; gecchemistry (10 CFR 960.4~2-2) (continued)

Condition

Department of Energy (DOE) finding

(5)

(1)

(2)

(3

Any combination of geochemical and physical
retardation processes that would decrease the
predicted peak cumulative releases of radio-
nuclides to the accessible enviromment by a

Ti cvr 01 10 a® comparel to those predicted
on the pasis of ground-water travel time with-
out such retardation.

The evidence indicates that this favorabie condition
is present at Yucca Mountain: chemical adsorption,
low flux, and matrix diffusion are expected to limit
radionuclide release by at least a factor of 10.

POTENTIALLY ADVERSE CONDITIONS

Ground-water conditions in the host rock that
cculd affect the solubility or the chemical
reactivity of the engineered barrier system
to the ex%ent that expected repository per-
formance could be compromised.

Geochemical processes or conditions that
could reduce the sorption of radionuclides or
degrade the rock strength.

Pre-waste—emplacement ground-water condi-
tions in the host rock that are chemically
oxidizing.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: the
stainless steel waste disposal container and waste
forms are not expected to show detrimental effects

due to host-rock watér chemistry.

The evidence indicates that this potentially adverse
condition is not present at Yucca Meuntain: sorp-
tive zeolites are metastable; but little reaction

1s expected in the next 100,000 years. Geochemical
Processes are too slow to affect repository perfor-
mance through degradation of rock stremgth,

The evidence indicates that this potentially adverse
condition is present at Yucca Mountain: water ‘is
expected to contain dissolved oxygen and be -chemi-
cally oxidizing.

-



1419

Table 6-21. Summary of analyses for Section 6:3.1.2; mmonrwawmnﬁ%,ﬁ~o CFR wooa»lemv (continued)

Department omww=&www.~n0mV mwrawnm

QUALIFYING CONDITION | T

The present and erpected geochemical character-—

fsiice ' a site shall be competible with waste
containmeat and isolation. Comsidering the

likely chemical interactions among Hmmwozcowwamwﬁp

the host rock, and the ground water, the charac-
teristics of and the processes operating within
the geologic setting shall permit compliance with
(1) the requirements specified Ir Section 960.4~1
for radionuclide releases to the accessible -
environment and (2) the requirements specified

in 10 CFR 60.il3 for radionuclide releases from
the englneered-barrier system using reasonably
available technology.

‘mummnwam »:monSNHMOS does not m:vvonn the mwnmwnm
that the site is not likely to meet the qualifying-

condition (level 3): releases to-accessible mucnnosJ_
ment are expected to be nearly zero for 10,000
years; unsaturated emplacement zone has benign
chemistry and extremely low water flux, which are = -
expected to aid engineered barrier performance.




history of zeolitization of the tuffs has also been studied (Hocver, 1968;
Bryant and Vaniman, 1984; Levy 1984b; Dibble and Tiller, 1981; Waters and
Carroll, 1981; Hay, 1978). The potential host rock at Yucca Mountain, a zone
of devitrified tuff in the Topopah Spring Member, 1g c¢-mposed of approxi-
mately 98 percent quartz, feldspar, and cristobalite, w:;:h lesser amounts of
zeolites and clays (Daniels et al., 1982).

The concentrations (Croff and Alexander, 1980) and wquilibrium chemical
behavior of the radionuclides present in the waste 1i: :ti1ll under active
scudy. However, enough is known to predict the gener.:l behavior of most
elements (Apps et al., 1983; Allard, 1982). The solul lities of waste
elements in representative water from Yucca Mountain under oxidizing
conditions, and in similar waters have been calculated by equilibrium thermo-
dynamic methods (Allard, 1982; Duffy and Ogard, 1982; Wolfsberg et al., 1982;
Apps et al., 1983; Means et al, 1983). Experiments to ¢etermine dissolution
rates of spent fuel and bhorosilicate glass are under way (Oversby, 1983;
Bates and Gerding, 1985a,b; Bazan and Rego, 1984; Eklund and Forsyth, 1978;
Bibler et al., 1984; Wilson and Oversby, 1985; Johnson et al., 1981).

The sorption ratios, R,, (also known as the digtribution coefficient) of
many radionuclides have been measured by batch sorption techniques for more
than 40 tuff samples from 9 different tuff units (Ogard et al., 1983a,b;
Wolfsberg et al., 1983; Bryant and Vaniman, 1984). Rundberg (1985) indlcates
that the sorption ratios obtained by batch sorption techniques are in good
agreement with sorption ratios obtained on intact tuff for simple cations.
Methods for estimating geochemical retardation by the calculation of retar-
dation factors that are based on sorption ratios have been developed
(Sherwood et al., 1975). The temperatures expected in the repository have
been calculated (Johnstone et al., 1984; Travis et al., 1984; Morales, 1985).
The location of the sorbing minerals in Yucca Mountain 1s largely determined
(Bish et al., 1984; Vaniman et al., 1984; Bish and Vaniman, 1985), though
stratigraphic details remain to be resolved. The stability of the sorbing
minerals 1s less certain (Bigh and Semarge, 1982; Smyth, 1982), but
information on some reactions is available (Smyth, 1982). Retardation
factors in Yucca Mountain tuffs have been estimated (Travis et al., 1984;
Sinnock et al., 1984).

The flux of water through the unsaturated zone at Yucca Mountain has
been estimated from several lines of evidence (Section 6.3.1.1.5). Water
from wells in the vicinity of Yucca Mountain has been analyzed, and species
naturally present in the water can be estimated (Benson et al., 1983; Daniels
et al., 1983). The dissolved oxygen content of water in the unsaturated zone
has been calculated (Linke, 1965) and the solubility of spent fuel 1in an
oxidizing environment estimated (Lemire and Tremaine, 1980). Little quanti-
tative information 1s available about the formation of colioids or the
particulate content of water from the vicinity of Yucca Mountain (Ral and
Swanson, 1981; Newton and Rundberg, 1984; Avogadro et al., 1982; Avogadro and
DeMarsily, 1984; Kim et al., 1984; Olofsson et al., 1984). The potential for
matrix diffusion to retard radionuclides in fractured rock with a low matrix
permeability has been studied (Neretnieks, 1980). The porosity of tuffs at
Yucca Mountain (Johnstone and Wolfsberg, 1980) and the effective dif-
fusivities of tuffs from Yucca Mountain and Rainier Mesa (Walter, 1982;
Daniels et al., 1983) have been measured.

S
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Reactions of Tcpopah Spring tuff with Well J~-13 water at 90 and 150°C
(194 and 302°F) hav. been experimentally determined {Knauss et al.,, 1984;
Qversby and Knauss, 1983). Data on the laboratory syn:hesis of some of the
minerals in the tufi are available (Hawkins, 1981; Chi &nd Sand, 1983) and
can be supplemented by the results of hydrothermal exj:uriments (Wolfsberg
et al., 1983; Allen et al., 1984) and thermodynamic cali:alations (Daniels et
al., 1983)., The c¢¢ rosion of the reference waste disposal contailner material
(austenitic stainleuss steel) in the expected repository anvironment has been
studied (McCright et al., 1983; Oversby, 1985).

Assumptions and data uncertainties

Indirect m-thods have been used to estimate the injciation and duration
of geochemical processes resulting in the alteration of minerals (Bryant and
Vaniman, 1984) because techniques for the direct age dating of alteration
products at the Yucca Mountain site have not been #ully developeds
Clinoptilolite and mordenite now present in Yucca Mountaln are assumed to
have been there for at least 10 million years. A temperature increase up to
85°C (185°F) total should not produce significant reaction of clinoptilolite
to other minerals (Smyth, 1982).

For discussions about precipitation and complex formation of waste
elements, equilibrium chemical behavior 1is assumed. Discusslons about
colloid formation are based on empirical observations. For sorption, the
minerals present 1in the rock when it is crushed include altered minerals
typically found in fracture fillings. These minerals are assumed to be more
sorptive than the typical matrix minerals. Estimates of retardation factors
are based on the assumption of equilibrium conditions,

Because there 1s uncertainty in the flux and flow mechanlsms of water at
Yucca Mountain, conservatively high flux values were used in some of the
analyses. Although water from the saturated zone of Yucca Mountain has been
characterized, the solubilities of many waste elements in that water have not
yet been experimentally determined and are therefore estimated by calcu-
lations using a computer model (Wolfsberg et al., 1982). The models used to
estimate waste element dissolution rates incorporate a number of assumptions
about water flow, waste element diffusivities in the water, and solid waste
form characteristics (Kerrisk, 1984; Oversby and Wilson, 1985). The.
agssumptions that were made for the analysis are considered conservative.

Another area of uncertainty involves fracture parameters. Important
parameters affecting flow, such as fracture aperture, fracture spacing, and
connectivity, are poorly known. Under the conditions of fracture flow, chem-
ical retardation factors based on equilibrium conditions may not be accurate;
with fracture flow, the kinetics of adsorption, absorption, and diffusion
could become important. If fracture flow occurred, then radionuclide
transport could be more rapid than that under matrix flow conditions. If
radionuclide transport is significantly increased by the formation of
colloidse or complexes, then there will be uncertainty about retardation
coefficients and diffusivities.

Analyses of precipitation and the formation of particulates, colloids,
and inorganic or organic complexes are generally -based on qualitative
assessments of the gemeral behavior of aqueous chemical systems. Estimates
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of geochemical ret:sdation are based on the retardation factor calculated
from sorption mearuiements, Geochemical retardation, however, is defined as
a combination of ths processes of sorption and matrix diffusion. This
produces uncertaint:r in interpretations based on sorption measurements and
retardation factors because other processes could also :ffect retardation.

The dissolution rates of elements from solid wasi: at Yucca Mountain
were estimated by ucving models in which dissolution rat .3 are limited by the
diffusion of elemerts into water flowing past the was:.  (Kerrisk, 1984).
Waste elements are assumed to be saturated at the wa:t:~water Interface.
This model has been proposed as being more realistic ,hin leach-rate models
(Chambre et al., 1982). Experimental data that validei. this proposal are
now becoming availablce (Oversby, 1983; Chick and Pedersor., 1984; Grambow and
Strachan, 1984). Another model is based on the assumption that all of the
water flowing through the repository becomes saturated with each waste
element (Kerrisk, 1984). The results from this model are¢ conservative; they
represent upper limits on the dissolution rates of waste elements, not the
expected values. A third model, based on radionuclide releases from:spent
fuel and high-level waste in cracked waste disposal containers (Oversby and
MeCright, 1984), has also been used to estimate upper limits on:release rates
(Oversby and Wilson, 1985).

6+3.1.2.3 Favorable conditions

(1) The nature and rates of the geochemical processes operating
within the geologic setting during the Quaternary Period would, if -
continued into the future, not affect or would favorably affect the
ability of the geologic repository to igsolate the waste duriqg;the
next 100,000 years,

Evaluation

In the discussions that follow, geochemical proceeses have been.divided
into two categories: (1) the processes that could involve mineralogic reac-
tions and changes in mineral assemblages within the geclogic repository and
(2) unspecified geochemical processes that could affect the stability of the
ground~water chemistry. The approach to establishing this favorable con-
dition with regard to geochemical processes of the first category has been to
identify geochemical processes resulting in mineralogic changes and to
determine the nature and rate of such changes.

The dominant pre-Quaternary geochemical processes resulting in
mineralogic changes at Yucca Mountaln are the alteration of volcanic glass to
the zeolites clinoptilolite and mordenite and to minor clay wminerals aund the
recrystallization of thls mineral assemblage to analcime, feldspar, and
quartz. Although the process of zeolitization is interpreted as a diagenetic
alteration of glassy tuffs below the water table, there ig evidence (Hoover,
1968; Bryant and Vaniman, 1984) of possible zeolitization near or above the
water table. The alteration of glass to zeolites and clay 1s a favorable
geochemical process because 1t increases the radionuclide sovptive capacity
of the affected rock. ‘Although this increased sorptive capacity 1issla
favorable condition, the increased water content may produce other :unknown :
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effects that are not necessarlly favorable. Therefore, a zeolitization rate
close to zero may ba the mest favorable condition.

Petrofabric stu.iles of the altered rocks, combinea with information
about the tectonic history of the area, indicate that the zeolitic alteration
of glasses at Yucca Mountain predated the Quaternary Feriod (Bryant and
Vaniman, 1984). A scparate episode of zeolitization, lccelized in the lower
Topopah Spring Memb(r of the Palntbrush Tuff was proba' iy related to the
original cooling of the unilt and therefore also preda a:d the Quaternary
Period (Levy, 1934b). Because this geochemical process was probably not
operating during the Quaternary Period (Bryant and V nlaan, 1984), its
Quaternary rate 1s in’erred to be close to zero. Barr.iy climatic changes
that would significantly 1increase ground-water recharge ..r raige the static
water level at Yacca Mountain, zeolitization should be inoperative or minor
during the next 100,000 years. However, zeolitization could occur either in
the upper tuffaceous beds of Calico Hills or in stratigraphically higher rock
units 1if the environment becomes wet enough for these rocks: to become
saturated. o

Studies of mineral~assemblage transitions assoclated with increasing
depth and elevated subsurface temperatures suggest that the recrystallization
of clinoptilolite-mordenite assemblages to analcime assemblages may have
occurred during the Quaternary Period and may continue during the next
100,000 years. This recrystallization 1s of interest because it could reduce
the amount of sorptive zeolites present along potential flow paths and. thus
reduce the radionuclide sorptive capacity at Yucca Mountain (Daniels et al.,
1982). This type of recrystallization has taken place at ‘Yucca Mountain at
depths greater than about 945 meters (3,100 feet); factors affecting the
recrystallization include time, temperature, and pore fluid chemistry (Dibble
and Tiller, 1981). The time required to reach equilibrium when an inter~
mediate metastable zeolite mineral assemblage must recrystallize to a stable
analcime assemblage was estimated at tens of millions of years by Dibble and
Tiller (1981) from examinations of numerous natural zeolite occurrences. The
rate and extent of present and future recrystallization at Yucca Mountain: can
be estimated by examining. the clinoptilolite-analcime boundary. The interval
within which clinoptilolite disappears and analcime becomes the dominant zeo-
lite is about 15 to 30 meters (50 to 100 feet) thick, in which clinoptilolite
(with or without mordenite) coexists with small amounts of analcime (Waters
and Carroll, 1981; Caporusclo et al., 1982). This transition zone occurs at
depths of 450 to 750 meters (1,475 to 2,460 feet) below the repository level.
If recrystallization 1is occurring within this interval and proceeds to com-
pletion within 100,000 years, then the amount of sorptive zeolites lost would
be an iunsignificant portion of the sorptive zeolites remaining 1in the over-
lying rocks. Furthermore, the current understanding of the flow processes at
Yucca Mountain (see Section 6.3.1.1.5) would not suggest radionuclide wmove-
ment at this depth because the recrystallization occurs at least 200 meters
(656 feet) below the water table.

The second category, unspecified geochemical processes, can be:evaluated
in terms of the predictability of the host—-rock performance iin isolating
waste for 100,000 years intc the future. In order not to affect the iso~
lation capability, the composition of the ground water must remain unchanged
or must exhibit only minor changes in the concentration of oxygen, the
bicarbonate ion, and dissolved organic carbon because these ‘are the main
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constituents that sffect speclation, sorption, and the solubilitiy of waste
elements in Yucca Mountain ground water (Daniels et al., 1983). To favorably
affect the ability of the host rock to isolate waste, the agount of dissolved
oxygen or the amount of the bicarbonate ion in soluiion would have to
decrease because, ''nder the present oxldizing conditio.is of the ground water
(Daniels et al,, 14983), the multivalent waste elements have higher solubil-
ities than they wruld under reducing conditions and this bicarbonate ion is
the major complex!ag ligand (Wolfgberg et al., 1982). In the first meter of
surface matertal, the organic content of vegetation aad microbes 1is a major
reactant with the oxygen from the atmosphere that i3 carried along with
infiltrating water. Because the amount of organics iz low and also not
expected to 1increag2 drastically even 1f the arid e; vironment becomes
semiarid during future pluvials (Section 6.3.1.4), the oxygen concentration
of the water is not expected to change with time. The low organic content of
the ground water (Means et al., 1983) ie also not expected to change
drastically or contribule to waste element complexing (favorable condition
2). The bicarbonate concentration in the ground water probably depends on
carbon dioxide In the alr, the resplration of plants and organisms in the
goil cover, infiltration rates, and the dissolution o! carhonate-containing
minerals along flow paths. At this time, it cannot be stated how large the
change in the bicarbonate concentration could be during the next 100,000
years. Constraints will be established during site characterization through
laboratory studies and analyses of rock samples along expected flow paths.

Conclusion

Site characterization must be conductad before sufficlient 1nformation:
will be avallable to identify all of the geochemical processes that could
affect ground-water chemistry. It 1is, however, possible to draw conclusions
about the geochemical processes that involve mineralogic reactions and
changas in mineral assemblages. At Yucca Mountain, such processes occurred
before the Quaternary Period and should be absent or minor during the next
100,000 years. Therefore, the evidence indicates that this favorabls
condition i8 present at Yucca Mountain.

(2) Geochemical couditions that promote the precipitation, diffusion
into the rock matrix, or sorption of radionuclides; inhibit the for-
mation of particulates, colloids, inorganic complexes, or orgamnic
complexes that increase the mobllity of radionuclides; or inhibit the
transport of radionuclides by particulates, colloids, or complexes.

Because of the complexity of this favorable condition, the evaluation
for each component is presented individually in the sections that follow.

Evaluation for geochemical conditions that promote the precipitation of
radionuclides .

The pH of water from wells near Yucca Mountain generally ranges from
7 to 8 (Daniels et al., 1983). Oxides of many waste elements, particularly
the actinides, have high solubilities at low and high pH, with a minimum
solubility in the pH range of 6 to 8 (Allard, 1982; Duffy and Ogard, 1982).
Thug, the nearly neutral pH of water from the Yucca Mountaln area provides:
conditions that favor minimum solubilities for these elements. Minimum
solubility 1is 1likely to promote geochemical conditions  conducive to
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precipitation of dissolved material. Other conditions, if any, that promote

precipitation of dicsolved material at and near the proposed repository have
yet to be defined.

Evaluation for geoc..emical conditions that promote diffision into the rock
matrix

In fractured tock with a low matrix permeabllity, wmatrix diffusion 1s
expected to slow the movement of radionuclides in comp. 'ison to the velocity
of ground water. Neretnieks (1980) calculated the ex et of this effect for
granite, which has a porosity of 0,004 to 0.009. 1In :t:idles with nonsorbing
tracers, the travel time of the tracer (defined at eu.: arbitrary concen-
tration relativa to the input concentration) relative tu the travel time of
the water 1s proportional to the square of the porosity, all else belng equal
(Daniels et al., 1982)., The porosity of tuffs at Yuccs Mountain ranges from
0,11 to 0.50 (Johnstone and Wolfsberg, 1980). 1In the evaluation described
below, matrix porosity is assumed to be constant, and the pores are assumed
to be connected sc¢ that the diffusivity is not a function of scale, The
permeability of the rock matrix 1s assumed to be neglinle in comparison with
the fracture permeability.

Travis et al. (1984) have performed modeling studies based on these
theories and assumptions. By further assuming steady-state flow conditions
and fractures that have not become lined by precipitation of minerals so that
fracture-matrix transfer cannot occur, Travis et al. (1984) suggest that
diffusion may provide delay factors (referred to as retardation factors) in
Yucca Mountain tuff units of as much as 400 for nonsorbing species and
several thousand for sorbing species. The physical implication of these
retardation factors 1s that ground water (with or without dissolved radio-~
nuclides) entering a fracture will be diffused into the matrix and back into
the fracture, thereby leading to a circuitous ground-water travel path. The
resultant effect of this 1is that the radionuclide transport time will be
lengthened by a factor equivalent to the retardaiion factor., Under transient
(nongteady-state) conditions, Sinnock et al. (1984) have estimated that the
retardation factor for Yucca Mountain tuff units, using the same assumptions
of fracture/matrix moisture transfer, can be conservatively considered to be
100 for nounsorbing specles. This value has been qualitatively used in
sections 6.3,1.1.4 and 6.3.1.4.4. to evaluate the potential effect of
changing climatic conditions on radionuclide transport.

Because the proposed repository at Yucca Mountain is located in the
unsaturated zone, the possibility of vapor transport of waste elements
exists. Two aspects of vapor transport are important. The first is that
only certain waste elements can be transported in significant quantities in
the gas phase under the conditions anticipated at and near the repository.
In particular, noble gases such as xenon, krypton, or radon, carbon as carbon
dioxide, tritium as H, gas or as water vapor, or iodine as I, vapor are
possible waste elements that can be transported as gases or v%pors. The
second 1s that the aqueous phase in the unsaturated zone can retard the
movement of some waste elements because they are soluble in liquid water.
These waste elements will be partitioned between the gas and aqueous phases
in the unsaturated zone. All of the fission-product isotopes of xenon and
krypton are stable or relatively short-lived (less than ll-year half-1ife)
except for krypton-81, which has a half-life of 200,000 years. These noble
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gas radionuclides wiilk short half-lives will decay away during the period of
substantially complet: containment of the waste (300 to 1,000 years).
Tritium also has a si.rt half-life (12 years) and thus should decay away
during the containmen:. period. The radionuclide krypton-81 is present in
very amall quantities (Croff and Alexander, 1980) and should not pose a
significant problem. Isotopes of radon will not be prezent as fission
products, but will be produced as part of actinide decay =halns. No other
members of actinide (ecay chains are gases, 8o gaseous tisansport could only
start after radon production. All of the radon ZLsotope: have short enough
half~lives (less than 4 days) to preclude gaseous traraport over long
distances. Two radioruclides that may be transported ' n the gas phase and
that will be present for long periods of time are carbun-14 and lodine-129.
The likely gaseo.s forms of both these radionuclides (CO, and I,) are soluble
in water and thus thelr transport as gases may be retarded. %ese topics,
however, will be addressed further during site characterization.

Evaluation for geochemical conditions that promote the sorption of
radionuclides

The probable flow paths from a repository in the unsaturated Topopah
Spring Member to the accessible environment traverse stratigraphic zones that
contain an abundance of highly sorptive mipnerals, particularly zeolites and
clays. Water will flow from the repository downward to the water table and
then laterally along paths defined by the hydraulic gradient and the
hydraulic conductivity of the rock. These paths will be in part through the
tuffaceous beds of Calico Hills, which contain significant quantities of
zeolites and clays (i.e., clays greater than 5 percent, zeolites greater than
10 percent).

Other formations that might also be in the path of flow, the Prow Pass,
the Bullfrog, and the Tram members of the Crater Flat Tuff, have zones con~
taining zeolites and clays in variable abundances (smectite, heulandite,
clinoptilolite, and (or) mordenite). Distributions .of abundant (i.e,,
greater than 10 percent) sorptive zeolites in the rock matrix are summarized
on the map and cross sections in figures 6~10 to 6~13. Four principal inter-
vals of zeolitization have been identified at Yucca Mountain (Bish et al.,
1984). These intervals are described on the following pages and in Table
6-22 for each of the drill holes on the cross gections.

1. Interval I: The zeolite-~ and clay-rich zonme at the top of the lower
Topopah Spring vitrophyre. Although thin (generally less than
3 meters (10 feet), this interval is important because it is at the
immediate base of the host rock and 1s everywhere above the static
water level (SWL). This zeolitized interval is unique because 1t 1is
within the densely welded region of a compound cooling unit, whereas
zeolitization 1is generally restricted to the poorly welded or
nonwelded margins of cooling units.

2. Interval II: The relatively thick zeolitized zone that occurs in
places in the bedded, nonwelded, and poorly welded tuffs that form
the base of the Topopah Spring Member and the underlying tuff of
Calico Hills, aud often extends into the top of the Prow Pass Member
of the Crater Fiat Tuff. The base of the Topopah Spring Member is
the lower margin of a compound cooling unit, providing a predictable
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Plan view of the Yucca Mountain area based on the map by
Locations of drill holes are indicated along
with the orientatiocns of cross sections used in figures 6-11 through
6~13 with zeolite zonation represented on the geologic cross sections
drawn from Scott and Bonk (1984). Several drill holes (USW H-6, WI-1,
WT-2, . and UE-25b#1) are projected onto the cross gsections, Modified
from Bish-and: Vanimane:(L98S)uwnis oo e i s s

Figure 6-10. .
Scott and Bonk (1984).
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Table 6-22., Commonly

zeolitized intervals at Yucca Mountain®

u“u

Zeclitized
intervals

Usw G-t
SWL=577 = deep

PE=25e81 .
TE=25041

SWL=471 m deep -

USsW G-4%
5%i=541 = deep

YysSWw H-4
SWiw5i9 = deep

USW 85
SWL=704 a deep

gsw H-3

- SWLu754 m deep

Usw 6u-3
Usw G6-3 =
SWL=754 m.deep

fakorral T e The
lower Top.:... Sprine
vitrophyre

interval II: base of the

Topopak Spring unit,
tuff of Caitco Hills

Interval I1I: betweeun
the Prow Pass and
Bullfrog units

Interval 1V: between
the Bullfrog and Tram
uaits

Depth: 392-353 =

(1 = exick}
152 cpt

Depth: 425-565
(140 & thick)
522 (+17) cpt

Depth: 622-706
(84 m thick)

45% (+12) ept
18X (#18) mord

Depth: 779-823
(46 = thick)
372 (#6) cpt
152 (F11) word

Depth: 385-398
{3 m thick)
7Z cpt

Depth: 404~-556 m»
(152 = thick)
67T {#8) cpt

172 (+20) oord

Depth: 636-710 =
(74 m Thick)
602 cpt & mord

Depth: 863-890 =
(27 = thick)

42 (24) cpt

162 (+:0) mord

Depth: 396-401 =
(5 m thick)
102 (#12) cpt

Depth: 420-545 a
(125 = thick)
S0 (+19) cpt
5% (+7) word

Depth: 600-682 =
(82 w thick)

32% (#12) ept
192 (+iC) word

Depth: 828-860 =
(32 w thick)

22 (49) ept

35% (+33) mord

Depth: 357-361 =
(4 m thick)
No samples

Depth: 400-504 =
(104 u thick)
63X (£13) cpt
8% (#12) word

Depth: 596-698 =
{102 w thick)}
No samples

bepth: 765-774 =
(S = thick)
Ko samples

Depth: 485 =m
10T cpt

Depth; 584-534 a
(10 © thick)
37% cpt

Depth: $65-689 m
{34 a thick)
602 cpr

¥o samples

Depth: 367-371 =
(4 w thtck)
No samples

Vitric
(conzeolitized)

Depth: 549-610 »
{61 m thick)}
687 cpt

Depth: 732-760 m
(28 & thick)

52T (+17) cpt
i8% (413) mord

Depth: 360-36& m
(4 = thick)
Trace cpt

virrice o
(nonzeolitized)

Depth: 557613 =
{56 & thick)
581 (#18) cpt

Depth: 776-822 m
(45 = thick)
362 {48 cpt

&

Data from Vaniman et sl. (198&).
1 mezer (m) = 3.28]1 feet;

cpt = clivoptilolite and heclandite;

mord = mordewite;

SWL = static water iewei.
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locale for meclitization. The tuff of Calico Hills 1s only partly
welded to wnonwelded throughout and is thoroughly zeolitized across
the northera and eastern part of the primary repository area.
However, a‘ong the reat of Yucca Mountaln this interval may be
incompletely =zeolitized (USW H-5) or nonzeolii.lzed and vitric
(USW GU-3) (Vaniman et al., 1984),

3. Interval 1LI: The partly welded and bedded tuv.f4 at the base of the
Prow Pass Member and at the top of the underljing Bullfrog Member
compound cooling unit. This interval 1is cosistently zeolitized
throughout Yucca Mountain in the vicinity of :l= primary repository
area (Vaniman et al., 1984), although it merge: with Interval II in
Jackass Flats (data from Well J-13, to the east of the cross
sertions shown).

4. Interval IV: The poorly welded and bedded tuf¢s at the base of the
Bullfrog Member compound cooling unit and at the top of an
underlying cooling unit within the uppermost Tram Member. This
interval persists throughout the primary repository area (Vaniman
et 810, 198‘5)0

Batch sorption techniques have been used to estimate sorption ratios for
many radloactive elements, including cesium, strontium, barium, radium,
uranium, neptunium, plutonium, americium, technetium, éuropium, cerium, and,
to a limited degree, selenium and tin. The sorption ratio (also known as the
distribution coefficient), Ry» is defined as

activity of radionuclide on solid phase per unit mass of solid

Rd = activity of radlonuclide in solution per unit volume of solution

(6~1)

Rundberg (1985) indicates that sorptlon ratios obtained in crushed tuff
experiments, such as batch sorption techniques, are in good agreement with
sorption ratios obtained on intact tuff for simple cations. More than 40
tuff samples from 9 different tuff units were obtained from cores taken at
varying depths from a number of drill holes at Yucca Mountain. Tables 6-23a,
6-23b, 6~24a, and 6-24b glve average seorption and desorption results for
these tuff samples using ground water obtained from Well J-13. Details can
be found in Daniels et al. (1982), Ogard et al. (1983a,b), Wolfsberg et al.
(1983), and Bryant and Vaniman (1984).

The scrption data for many of the elements studied can be correlated
with mineral compositlion (Daniels et al., 1982)., For the alkali metals
(e.g., cesium) and alkaline earths (e.g., strontium, barium, and radium),
which probably exist in ground water as uncomplexed ions and sorb by ion
exchange, sorption is correlated with the presence of clinoptilolite and the
smectite clays, which contaln exchangeable cations. Sionce there are large
quantities of clinoptilolite directly below the proposed repository horizon,
cesium, strontium, and radium should be strongly sorbed, and their movement
along the flow path should be retarded.

A correlation with mineral composition is also found for the sorption of
cerium, europlum, plutonium, and americium, but the relation is not as clear
as that for the alkall metals, However, the sorption ratios are high (100 to
more than 1,000 milliliters per gram). The sorption ratios of these elements
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Table 6~23a. Average sorption ratios (distribution coefficirnts) from
batch sorptionaegperiments on crushed tuff for 8r, Cs,
B+, Ra, Ce, Eu ' (see footnotes at end of Table 6~23b)

steac,© deptn Sorptton ratios (willilitern ; «r qram)
untt Ssaple (faer) Sr Cs (¥} Re Ce gu
d d d d
Tpe JA-8 60 270(3) 2,700(400) 435(1%) 4 2,100(300)
™-5 20, 280(80) 5,800(800) 1,100(200) +30,000 2,300,00)
{240,000) (40,000)
Too G2-347 541 265¢10)" 13,300 3,690030)° 140030)f
( (1,500) ‘
G2-12) 720 290(40) 4,100 3,300 510,000
(600) (400)
CU3-473 413 45(9)% 630(20)¥ 810(100)8 100¢14)8
GU3I~8%S as5
ot ™22 848 $3(4) 290(30) 900(30) 1,270(40) 1,190¢110)
(3-1203 1,203 62(1), 350(30),, 840(40) 190(2)
Gl-1292 1,292 200(6) 430(28) 2,100(300 1,500(100) 66(8)d 140(14)
GU3-130t 1,301 28(0)8 160(40)8 $70(60) 4512)%
™-30 1,264 260(80) 853(5) 3,400(1,500) 230,000 160,000
(100,000) (30,000)
JA~18 1,620 17,000 16,000 18,000 2,800 | 1,400¢200)
(3,000) (1,000) (18,000) (1,400)
T Gl~1436 t,036 36,000 7,800 150,000 59,600 30,000
(3,000 (500) (24,000} (7,000) (2,000,
G2-1952 1,952  2,200(400) 63,300 , 25,000 89(14)
(1,100) (4,000)
GU3-1436 1,436
bt CU3=1531 1,531
™-38 1,306 17,000 13,000 100,000 760(140) 1,600(200)
(2,000) (2,000) (10,000)
=42 1,826 3,900(600) 17,000 94,000 49,000 $2,000
(1,000) (14,000} (7,000) (4,000)
Tep G1~1854 1,854 60,000 13,000 43,000 15,000
(14,000) (2,000) (1,000)
™43 1,930 195¢14) $20(90) 1,200(100) 730(100) 1,600(200)
Gi-188) 1,883 22(0,2) 187(3) 183(12) 1,429(20)
M-46 2,002 190(60) 840(6) 14,000 310,000 107,000
(5,000) (110,000, {110,000)
Gl-1982 1,982 55(4) 1,120(410) 700(5%0) $60(40) 970(15¢)
YM-48 2,114 2,100(400) 9,000(4,000) 18,000 1,400(500) 2,200(300)
(6,000)
YM-49 2,221 3,200(300) 16,000 42,000 $50(100) 1,200¢100)
{3,000) (8,000)
JA-26 1,995 95(33) 1,500(600) 800(300)
Ted JA=28 2,001 94(20) 1,640(210) 820(50) 2,100(1,000)
Gl=2233 2,213 48,000 13, %00 250,000 1,400(300) 900¢200)
(3,000) (800) (30,000)
G1-2289 2,299 7,300(500) 37,000 66,000 46,000 797(10)
(13,000) (9,000) (20,000}
YM=54 2,491 62(12) 180(40) 400(150) 13040} 470(40)
61-2333 2,133 180(20) 1,400(130) 1,500(200) 2,300(400)
G1-2363  2,36) 64(3) 470(40) 235(9) 540(60) 730(50)
GI-2610 2,410 169(1) 1,250(50) 1,780 440(80)
JA-32 2,51 57(3) 123(4) 180(30) 82¢14) 90(20)
Gl-2476 2,476 41(1) 700(40) 185¢i1) 3,200(100)
Tet G1-2698 2,696 42,000 7,700(400)} 63,000 260000)* 200(30)*
(3,000) (5,000)
G1=2840 2,340 860(1) 2,200(200) 2,070(70) 4,900(400)
G1-2854 2,8% 94(1)'l l.OﬁO(lZO)f 1,000(50) 1,300(200)
Gi-2901 2,90! 58(1) 1,230(110) 1,600(200) 42,000 ¢ 160,000!
¢ ¢ (3,000 (50,000)
Ol=3116 3,116  2,400(17) 6,600(500) 12,000 100(10) 760(60)
. (4,000)
IA-37 3,497 287(14) 610(40) 760(150) 6,000(800)
T 61-3658 3,658 13,000(0) 4,950(50) 13,500 1,000(200)° 530(40)
(500)
Tba 62-3933 3,993 24060 2,300010000%  1,700(500)¢ 1,5000700)¢
.
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Table 6~23b.

Average sorption ratios (distribution coefficieats) from
hatceh sorpgign experiments on crushed tuff for Am, Pu, U,
y

&2, Tc, Np

Sorption ratios (milliliter« »er gram)

strat.” depth
unit Saapie {fue ) Any Pu U Se Te Np
Tpe JA~8 306
™-5 251
Top 02m547 7 13,000010F  1,2000200  9.4(0.1) 20 of
62-723 721 890,000 4,500 2.4(0.,6) 19¢ 3 0
(49,000)
GU3-433 433 3,400(200) 130(60)% 0 15055 0 7.9¢0.1)
GU3-855 855 10(0.7) 10(0,4)
GUI-916 916 230(25) 0.72(0.2) 4.9(1)
d,e d [} d
Tpe -22 848 1,200¢130) 64(20) 1,8(0.2) 0,304 14) 7.0(1.0)
0U3-1203 1,203 1,100¢120)8 360(40)8 0 (1) 0 2.5(0,1)
G1-1292 1,292
GU3~{301 1,301 1,800(160)8 290(40)% 0 22)  0.03(0.001) 3.9(0.1)
™-30 1,264
JA~18 1,420 180(30) 120(20) 2.%(0.4)
Th G1-1436 1,436 ¢ :
G2-1952 1,952 1,700(70) 66(6) 0 2D 2,7(0.1)
GU3-1436 1,436 20¢2) 3i0)
bt CU3-1531 1,531 54¢9) (1)
Y4-38 1,504 14,600(1,000) 140(30) $.3(0.2) 11,0
TM=042 1,824
Tep G1~1854 1,85
YH-45 1,930
G1-1883 1,883 470(300)
™-46 2,002 7011) (W
G1-1982 1,982
™48 2,116
=49 2,321 4,300(1,400) . 0415(0,02)
JA-26 1,998 230(30) 0421(0.02). 9¢3)
Teb Ja-28 2,001
€1-2233 2,233
G1-2289 2,289 9(1) n
™-54 2,491 153(6) 80(20) 1.3€0.3) 4,200.3)
G1-2333 2,333
G1-2363 2,363 110 25(5)
G1~2410 2,410 2.2(0.9)
JA-32 2,533 130(30)
G1-2476 2,476
Tet G1-2698 2,698
G1~2840 2,840
G1~2854 2,854
61-2901 2,901 400(79),,
4.6(0.3)
Gi~3116 3,116
JA-37 3,497 28,000 22
(19,000)
T G1-658 3,658
Tba 62-3933 3,923 6,600(400) 1,600(30) 0 0(1) 0.1(0.006)

%pata from pantela et al, (1982); ogard et al. (1983a); Wolfaberg et al. (1983). 1If no foutnote is indicated, the sorption
razlg in parentheses represents the standard deviation of the mean.
Amblent conditione, alr, 20 + 4°C; fractlons do not contain perticles smaller then 75 micrometers in diameter except in
fractfons designated by footnote f,

stratigraphic units are as follows:

Tl = older tuffs; Tha » bedded tuff.
Nonweighted average; value in parentheses {s the standard deviatton of the wean.
Some daty were rejected in averaging.
Average of data for the fract{on with psrticles smaller than 300 wicrometers in diameter (contains sowe particles saaller than

75 n&crmlel’u)-

Nonweighted average of -a-plelq taken in two different positions.

Performed under controlled atmospheric conditions of nitrogen with less than or equal to 0.2 ppa O

20 ppa C02.

slpiotols

6-1
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9:

Tec = Tive Canyon Member; Tpp = Psh Canyon Member; Tpt = Topopah Spring Hember;
Th = tuffaceous beds of Calico Hiliw; bt = Bedded tuff; Tcp = Prow Pass Member; Teb » Bullf

Tog Member; Tct = Tram Member;

2

and leas than or equal to



Table 6~24a.

Average sorption ratios (distribution coefficients) from batch
dego:ption experiments on crushed tuff for Sr, Cs, Ba, Ce,
Eu”' (See footnotes at end of Table 6~14b)

Sorption retios (milliliter) per gram)

Stut.c depth
unit Sample (teat) Sr Cs Bs Ce Eu
e Jae8 606 MG, 4,6000400), 480(50) ‘ 10,000(3,000),
-3 251 120030°  8,900(600) 1,20001200% 3 ,000(30,000) 36,000(14,000)
Top G2=547 847 21000)f  8,700(330)] z.9oo<zoogf 1,70046003
05-722 123 33004) 4,300(4) 4,200(10 10,000
CUI~433 43 40¢10)8 $20(20)8 460¢20)8 140(10)¥
1ot ™e2e 848 59(2) 365(7) 830(100) §,500(800) 3,500(200)
631203 1,200 101, 340{10), 720030) , 4 ¢ 650(50)
c1-1292 1,292 120(8) 310020) 1,300(100)°" 600(200) 800070)f
3-1301 1,301 80(¢20)8 185(20)8 675(80) 100(20)
™-30 1264 21030)  1,500(100) 3,100(600)  170,000(15,000) 11,000(700),
JA-18 1,620 15,000(2,000) 17,300(700) 280,000 1,600(500) 2,400(300)
(30,000)
™ G1-1436 1,436 87,000  24,000(2,000) 340,000 6,700(600) 5,300(600)
(12,000) ¢ (90,000 ‘
621952 1,952 4,2000200)°  46,00001,400) 40,000 1,600(200)
(1,000
H-38 1,50 22,000 13,000 260,000 2,400 7,300
™-42 1,842 4,160(1,000) 25,000(2,000) 90,000 44,000(5,000) 66,000(3,000)
Tep 1-1854 1,854 72,000, 14,000(2,000) 150,000 4,800(700)
(13,000) (40,000)
TH-43 1,930 2100200 6200110) 1,310(60), 3,800(600) 7,300(500)
cl-1883 1,803 39(1) 430(4) 440(10) 2,200(100) 1,350(30)
i-46 2,002 260(20)  1,800(300) 210,000 100, 000 31,000(2,000)
¢ ¢ (3,000, (50,000 .
c1-1982 1,982 122¢0)%  2,300(200) 2,780(120) 7,000(800) 6,370(130)
™M-48 2,114 2,700(200) 27,000(4,000) 34,000(7,000) 128,000 8,100(1,200)
(300)
M-49 2,221 4,400(100) 39,000{1,000) 65,000(7,000) 1,040(40) 2,100(500)
JA=26 1,995 39(3) 1,580(90) 430(13) 2,900(200)
Teb JA-28 2,001 114() 2,500(100) 1.160(20) 12,300(5001
Gl-2233 2,233 90,009 23,000(6,000) 240,000 20,000 . 3,000(2,000)
{40,000) {80,000) (13,000)
51-2289 2,289
-84 2,491 97(9) 310(20) 660(20) 1,000(200) 1,840(110)
1~2333 2,333 140(13)  1,230(100)  1,460(130), 9,900(1,200
¢1-2363 2,363 150(6) 1,200(30) 820(20) 130,00 6,100(300)
(6,000)
61-2410 2,410 160(14)  1,120(100)  1,760(150) 6,000(3,000)
=32 2,539 $303) 18(11) 490(40) 530(120) 850(130)
G1-2476 2,474 200(4) 1,520(0)
Tet 61-2698 2,698 210,000, 17,000(1,100)° 190,000 2,000(400)f
(5¢,000) (80,000)
61-2840 2,860 1,540(4)  2,300¢130)  2,500(200) 9,000(1,100)
1-2856 2,854 $541) 1,160(20)  1,330(0) ‘ $,000(200)
¢1-2901 2,901 67¢1)*" 1,3800030)F  1.980(30) 39,000(1,000) 210,000
(50,000
G1=3116 3,116 26.000(13,000)‘ 11,000 £ 160,000 ¢ ],000(1,000)‘ 6.000(3.000)E
(3,000) (80,000) )
Ia-37 1,497 32(9) 830¢50)  920(40) 11,000¢2,000)
n G1-3658 3,658 12,000¢3,000 12,000(2,0000f  10,000(4,000}f  9,000(4,000) ~'9,600(3,000)f
Tha 62-3933 3,933 wooY!  1eoopse! 11002001 3,000(1,100)!
6~187
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Table 6-24b. Avirage sorption ratios (distribution coefficients) from
ba' ch gegorption experiments on crushed tuff for Am, Pu, U,
?

Tc, Np
Sorption retios (mil "lirers per gram)
strac.® .epth .
unit Sauple { iwat) An Py 1} Te © Np
Tpe JA-8 606
™5 $21
Top G2-547 7 17,00001,490) 1,2000170)¢
G2-723 123 Wl x 10, >417,000
(2.6 n 107)
GUI~433 433 9,300(1,7680)° 920(40)%
d d d d d
Tt M-22 848 2,500(1.00)8 1,330(140) 5(2) 1.2(0.3) 33(8)
GU3-1203 1,203 1,300(200) 920(13)8
G1-1292 1,292 0
GU3-1301 1,301 2,500(600)8 1,300(660)8
YN-30 1,264
JA-18 1,420 1,100(300) 350(140) 9.4(1.4)
Th Gi~1436 1,436
62-1952 1,952 5,800¢1,100)8 350(45)8
™-38 1,840 7,100(1,200) 1,600(300) 14,8(1.0) 26(2)
=42 1,826
Tep Gl-18%4 1,0%
™=-4S 1,930
G1~1883 1,883 7,200(900) 890(60) 36(10)
YM=ab 2,002
Gl1-1982 1,982
M-48 2,114 1,6(0.2) )
™49 2,221 3,400(400)° 720(90) 2.0(043) C12(4)
JA-26 1,995 .
Tob JA-28 2,001
Gi=2233 2,213
G1-2289 2,289 h
N 2,491 - 550(80) 720(40) 12(8) 38(~)"
Gi-2333 2,31
Gl1-2363 2,363
Gi=26410 2,410 . 8(2)
JA-32 2,533 2,200(600)
G1-2476 2,476
Tet Cl1-2698 2,698
G1=-2840 2,840
G1-2854 2,854
G1-2901 2,901
Gl-3116 3,116
Ja=17? 3,497 32,000(10,000) 1,400(390) 9.9(0.4) 170(50)
T G1-~3658 3,658
Tha 62-3933 3,933 1,200¢410) 530(130)

%Data frow Daniels et al. (1982); Ogard et al, (1983s); Wolfsberg et al. (1983). 1f no footnote is {ndicated, the
norpsion ratio in parentheaes represents the stsandard deviation of the mean,

Ambient conditions, air, 20 + 4°C; fractions do not contain particles smzller than 75 micrometers in diaseter except in
fraciions designated by footnote f.

Stratigraphic units are as followa: Tpc = Tiva Canyon Member; Tpp = Pah Canyon Member; Tpt = Topopah Spring Meaber;
Th = tuffaceous beds of Calico Hills; Tep = Prow Pass Membor; Tcb = Bullfrog Membar; Tct= Tras Meaber; Tl = older tuffs;
Tba = bedded tuff.

:Ncnutlghtcd average; valua in parentheses s the standard devistion of the mean.
Some data were rejected in averaging.
Average of data for the fraction with particles smaller than 500 micrometers in diameter (contsins some particles
smaller than 75 wicrometers).
Nonweightad average of samples taken in two different positions.
Performed under controlled stmospheric conditions of nitrogen with less than or equsl to 0.2 ppm 02 end less then or
equal to 20 ppm coz.
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are undoubtedly influenced by the formation of hydroxyl and carbonate com—
plexes. Geochemica! sorption will not offer much retardation for anionic
species like perteri:netate.

Estimates can be made for the geochemical retardstion by sorption
(Sherwood et al., 1475), The retardation factor, Rf, i related to the
sorption ratio, Rd’ by the expression:

Rf = 1 4 Rd (density) (1 - porosity) (6-2)
porosity

where the density equals the rock column density, 2.5 grims per cublc centi-
meter., Table 6-25 lists representative values of measurad sorption data for
elght radionuclide elements on samples of tuff from units most likely to be
in the ground-water flow path to the accessible enviromsent. The retardation
factors, which represent the ratio of the velocity of the water to the
velocity of the radionuclide under equilibrium conditions, are calculated by
using Equation 6-2 and assuming porous flow, which is reasonable for the
nonwelded tuff units. Except for technetium, the retardation factors
significantly exceed a value of 10, indlicating that the average effective
radionuclide travel time to the accessible enviromment will be much more than
a factor of 10 times longer than the average ground—-water flow time to the
accessible environment. '

Evaluation for geochemical couditions that inhibit the formation of particu-
lates, colloids, inorganic complexes, or organic complexes that increase the
mobility of radionuclides ’ '

Species naturally present in the water at Yucca Mountaln can form both
solid and aqueous complexes with waste elements and thus have both favorable
and unfavorable aspects (Apps et al., 1983; Daniels et al., 1983). The total
organic content of water from wells near Yucca Mountain 13 less than
0+6 milligram per liter, and the organic species tend to have high molecular
welghts (higher than 280) (Means et al., 1983). This leads tc organic con~-
centrations of 1 x 10 ~ moles per liter or less. The low organic coatent of
water from Yucca Mountain will inhibit the formation of significant quanti~-
ties of organic complexes with waste elements. The particulate content of
water at Yucca Mountain has not yet been characterized; thus, it 1s not known
whether particulates containing waste elements will form. Certain actinides
(e.g., plutonium) are known to form colloidal particles im dilute, nearly
neutral aqueous solutions (Rai and Swanson, 1981; Newton and Rundberg, 1984;
Kim et al., 1984; Olofsson et al., 1984). There 1s not ewough information
available at this time to know whether geochemical conditions at Yucca
Mountain will inhibit the formation of these colloids.

Evaluation for geochemig¢al conditions that inhibit the transport of radio-
nuclides by particulates, colloids, and complexes

Actinides leached from glass are expected to occur in the form of col-
loids, as has been shown for americium by Avogadro et al. (1982) and Avogadro
and DeMarsily (1984).. The size distribution of americium colloids in low
ionic strength ground water was measured by ultrafiltration. The results of
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Table 6-25.

Representative sorption ratios (distribution ¢
radionuclide elements with Yucca Mountain tuff

cefficients) and

a

retardation factors for eight

Welded tuff
Topopah Spring Mesber

Waste element porosity = 11%

Bedded tuff
Topopsh Spring Member
- perosity = 352

Bedded tuff - .
tuffaceous beds- of
Calico Hills
. porosity = 352

Partially welded toff .

Prow Pass Member ’
porogity =.29%

Nonwelded tuff
Tram Member
porosity = 322 .

‘Welded tuff
Bullfrog Member
porosity = 232

Sorption Soxptios meummou ) Sorptiom oo mou.vnuar Sorption

ratio, m& Retarda on ntwno. wm wnnmnn.wanu _ratio, .ﬂn whnt&&\n.ﬂém. ratio, ﬂm nnn.mna.unwom. ratio, Ma Awofuﬂnbnwom ratio, N.._ mNno«amﬁwom B

{(mlig) factor (n2fg) factor u (m1fg) factor -? (mal/g) factor ' {ul/g) . factor * (=1/g) C factor ’
MumnMrMc’ T.,Hf o ‘..n l;\elﬂnw.ooo ;o 820 B 4,600 21,000 470 ..N..ooo 160 1,200 28,600 ~ - 150,000
Cesium (Cs) 290 6,000 16,000 73,000 7,800 35,000 190 1,200 180 1,506 610 3,300
Neptuntum (Np) 7 156 wd ND 11 S0 6.5 40 D ND 28 | 150
Plutorive (Pu) 64 1,300 120 540 140 630 77 480 80 670 400 2,200
Strontium (Sr) 53 1,100 17,000 77,000 3,900 :-aoe, 22 Bty €2 520 290 1,600:
Technetium (Tc) 0.3 7 2.5°% 12 » ND 0.2 2 4.3° % ND ND
Urantum (4) 1.8 37 2.5 12 5.3 26 ND ND 1.3 iz 4.6 25
Barium (Ba) 900 18,000 38,000 180,060 94,000 440, 00C 182 t, 100 400 u.soc.,,. 760 . 4,000

wvuanm from Daniels et al. {1982). (1 ~ porosity)

Rock column demsity = 2.5 N\nlw.
KRG = no data avsiladle.

n_A O

=l/g = millilitecs jer gram.

Retardation factor = i + R, (densiny®) S perosityl

porosity

Controlled atmosphere——nitrogen withk less than or -equal to 0.2 ppa oxygen and. less thag. or mﬁ..m:v to 20.0 ppm carbon dioxide.”

a.&wm oxidizing conditioune, these values are expected to be less than 1.9.




these experiments showad that 70 percent of the colloid particles are larger
than 0.1 micrometer an: 95 percent are larger than 0.015 micrometer. In the
absence of more exten;ive size distribution data for actinide colloids from
glass leached in watev that has been in contact with tuff, this size
distribution provides o reasonable baseline,

Although pore~gi-.e distributions for the tuffaceous “e¢ds underlying the
repository horizon are unot availlable, mercury-intrusion p:rosimetry measure-
ments have been performed on tuff samples from the zeolit zed Tunnel Bed Tuff
on Rainier Mesa; the rvesults show a medlan pore size of 0.02 to
0.1 micrometer, If a log-normal pore size distribution {4 assumed, as much
as 30 percent of the tvff pores are smaller than 0.0l mic-ometer,

In the unsaturated tuffaceous beds of Calico Hills, water 1{s expected to
move primariiy through the smaller pores. The saturaticn is about 50 per-
cent, and therefore water will move through pores that are smaller than the
median pore size of the rock, Consldering only mechanical filtration, and
assuming the above rize distributions for colloid particles and tuff pore
size distribution, the potential exists for the bedded iuff underlying the
host rock at Yucca Mountain to filter out some of the cclioidal americium,
This analysis ignores the potential interaction of these colloids with the
tuff mineral surfaces, which could further inhibit the transport of colloids.
This analysis also does not allow for additional mechanical filtration due to
the flow of water through a tortuous pore structure,

Very little modeling has been done on the tramnsport of colloids, com-
plexes, and particulates. Generally, all the remarks presented later in this
section for favorable condition 5 should apply qualitatively. The retar-
dation and diffusion parameters will probably be different, however, from
those used for simple ions.

Conc¢lusion

The Yucca Mountain site possesses most of the geochemical conditious
listed in the statement of favorable condition 2. The pH of water from the
vicinity of Yucca Mountain 1s in the range where most oxide and hydroxide
precipitates (particularly actinides) show minimum solubility. The physical
properties of the tuffaceous rocks at Yucca Mountain will promote the dif-
fusion of radionuclides {nto the rock matrix, In addition, the movement of
particulates and colloids. may be inhibited by the presence of zeolitized
bedded tuff beneath the repository horizon, This bedded tuff may act as an
efficient filter for the LOIlOidS, particulates, and complexes produced by
the dissolution of the waste.

The geochemical conditions at Yucca Mountain also promote the sorption
of radionuclides, Accarding to estimates of retardation caused only by
sorption, the tuffs of Yucca Mountain in the saturated and unsaturated zones
will provide significant radionuclide retardation along the expected flow
paths to the accessible environment. There is not enough information, how-
ever, to determine whether the geochemical conditions at Yucca Mountain will
inhibit the formation of particulates or colloids. There are no unusual
conditions that would promote the precipitation of waste element solids other
than oxides and hydroxides or that would inhibit the formation of aqueous
inorganic complexes containing waste elements. The total organic content of
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water from the viciality of Yucca Mountaln is very low; no significant quanti-
tles of organic comr.exes with waste elements will form, Therefore, the
evidence 1indicates i(hat this favorable condition is gresent at Yucca
Mountain,

(3) Mineral assemblages that, when subjected to expected repository
conditions, wouid remain unaltered or would alter ti wineral assem-
blages with equal or increased capability to retar: radionuclide

transport.

Evaluation

The three m:neral agsemblages at Yucca Mountain that are likely to he
subjected to repository conditions are feldspar-silica, heulandite-smectite,
and volcanic glass. Heulandite-smectite and volcanic glass are present in
the host rock in quantities of less than 2 percent (Bish et al., 1982). The
radionuclide sorptive capacity of the feldspar-silica mineral assemblages
located immediately below the repository is low compared with other assem-
blages (Daniels et al., 1982) and is unlikely to decrease under repository
conditions. Heulandite and smectite, concentrated in a zone up to 3 meters
(10 feet) thick along the top of the basal vitrophyre of the Topopah Spring
Member (Levy, 1984b), might be affected by the minor increase in
temperatures. Smectite could reversibly collapse, but would probably regain
its cation-exchanging ability when the temperature drops below the boiling
point of water (Allen et al.,, 1984). Calculations of temperature changes due
to emplacement of the waste (Johnstone et al., 1984; Morales, 1985) indicate
that the maximum extent of the 100°C (212°F) isotherm will be less than about
23 meters (75 feet) vertically above the midplane of the repository, and less
than about 28 meters (92 feet) below the repository midplane. The nature and
permanence of temperature effects on the sorptive capacity of heulandite are
not yet known; however, the potential loss of sorptive zeolites within about
28 meters (92 feet) of the repository midplane represents a very small pro-
portion of total sorptive zeolites that are present in units that underlie
the repository (Vaniman et al., 1984).

Studies of natural alteratlon in the volcanic glass assemblages in the
Topopah Spring Member indicate that repository-induced thermal conditions
could cause some alteration of the glassy rock to silica-feldspar-zeolite-
smectite agsemblages (Levy, 1984b), Although the radionuclide sorptive
capacity of silica—feldspa! assemblages 1is low, the high sorptive properties
of zeolite-smectite assemblages (Daniels et al., 1982) suggest the pos-
sibility of enhanced sorptive capacity in the altered rock.

Most of the sorptive zeolites (i.e., clinoptilolite and mordenite) in
Yucca Mountain are more than 300 meters (984 feet) below the repository,
placing them at a total depth of 650 meters (2,100 feet) (Bish et al., 1984).
At this depth, the maximum rock temperature will be about 60°C (140°F) at
10,000 years after waste emplacement (Johnstone et al., 1984). This repre-
sents an increase above ambient temperature of about 23°C (73°F). Smyth
(1982) has suggested that clinoptilolite and mordenite in Yucca Mountain
would be stable to about'IOO C (212°F). The small temperature increase could
affect the rate at which these minerals recrystallize to less sorptive
assemblages including quartz, analcime, alkali feldspar, and possibly clays
(favorable coundition 1). The 50,000~year duration of the temperature
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elevation (Johnstoue et al,, 1984) 1s very short compared with the time
required for the wi.eral transformation, estimated as tens of wmillions of
years by Dibble and Tiller (1981). Therefore, 1t 1s unlikely that signifi-
cant zeolite decompcsition will take place in 100,000 years.

Conclusion

Under expected repository conditiouns, the present .Igh radionuclide-
retardation capeclty of the tuffs at Yucca Mountain is not expected to be
significantly degraded and may in fact be increased. Therefore, evidence
indicates that this favorable condition 1s presgent at Vi c.ca Mountain,

(4) A comuination of expected geochemical conditions and a volu-
metric flow rate of water in the host rock that weuld allow less than
0.001 percent per year of the total radionuclide inventory in the
repository at 1,000 years to be dissolved,

Evaluation

At Yucca Mountain the water available to dissolve the waste forms will
be limited by the site characteristics to very small amounts, Estimates of
water flux through the unsaturated zone have been presented in Section:
6.3.1.1.5, where an upper bound on flux of 0.5 millimeter (0.02 inch) per
year has been established for the repository horizon. A value twice the
upper bound of 0.5 millimeter (0,02 inch) of 1.0 millimeter (0.04 ingh) per
year was used In the first two calculations of waste element release rate
below. The third calculation presents estimates of release rates for higher
flux values that are even more unrealistic.

Two models based on different element-saturation assumptions have been
developed that can be used to estimate the dissolution rates of waste ele-
ments from a solid waste form at the proposed Yucca Mountain repository
(Kerrisk, 1984)., The first of these is a saturation-limited dissolution
model in which the entire volume of water flowing through the repository is
assumed to become saturated with each waste element. The application of this
model requires a knowledge of only the water flow rate per unit of waste and
the element solubilities. The saturation~limited model is very consarvative
in that it represents the upper limit on waste-element dissolution rates. It
1s an upper limit because the physical layout of a repository with large
spaces between waste packages would allow much of the water to pass through
the repository without becoming saturated with radionuclides. 1In a realistic
model of the dissolution of waste, diffusion of waste elements will limit the
concentrations of these elements far from the waste.

The second model 1s a diffusion-limited dissolution model in which the
water present at the waste-water interface is assumed to be saturated with
radionuclides; dissolution 18 limited by diffusion into the water that is
flowing past the waste. This model 18 a significant improvement over the
saturation-limited model in that it accounts, in a physically realistic way,
for a mechanism to trausport waste elements from the solid into the adjacent
water. However, In accounting for this process, the model requires infor-
mation about the geometry of the solid waste, water flow in. the.surrounding
medium, and element diffusivities that can only be estimated at this time.
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Some waste elvments have high solubllities; cesium 18 one axample. It
18 unreasonable to 1ssume that the dissolution rates of such elements will be
limited by solubiliry. Elements with high solubilities were assumed to be
limited by the disyolution of the bulk waste form (congruent dissolution).
The bulk waste foru was assumed to dissolve at a fractional rate of 1 x 10~
per year. This represents a conservative estimate for spent fuel or high-
level waste in borrsilicate glass (Oversby, 1983; Kerr-sk, 1984); this bulk
dissolution rate wus assumed for these calculations to naximize the effect of
solubility on waste-element dissolution rates. Although bulk dissolution
~ates lower than 1 x 10 ' per year seem likely, theilr use in this analysis
would mask the influence of solubility (Kervisk, 1984;.

4

Calculatic1s were done for 10 waste elements that represent approxi-
mately 99 percent of the spent fuel activity 1,000 years after repository
closure. Table 6-26 lists the elements and the solubilities used. Most of
the remaining radioactivity not listed in the table comes from several low-
solubility elements (e.g., niobium and zirconium); including these elements
would not significantly affect the results.

Results from the diffusion-limited dissolution model have been reported
for spent fuel and high-level waste (Kerrisk, 1984). This study was con-
ducted for an inventory that contained a 50~50 mixture of spent fuel and
high~level waste. The egtimate of the repository ares needed for waste
equivalent to 1 metric ton of heavy metal (MTHM) was based on the decay heat
of spent fuel at 10 years after discharge (1,135 watt per MTHM, Croff and
Alexander, 1980) and an assumed maximum reposlitory thermal loading of 10
watts per square meter. This gives 114 square meters (1,227 square feet) for
each MTHM. With a very conservative flux estimate of 1 millimeter
(0.04 inch) per year, a water flow of 114 liters (30 gallons) would pass
through the area of 114 square meters (1,227 square feet) per year. This
would represent the conditions for the maximum dissolution rate that would be
calculated by the saturation-limited model. For the diffusion-limited model,
the spent fuel disposal container was assumed to be 0.25 meter (0.82 foot) in
radius and 4.5 meters (15 feet) long and to contain 3 MTHM; the high~level
waste disposal contalner was taken to be 0.16 meters (0.5 feet) in radius and
3 meters (10 feet) long and to contain 2 MTHM. Por a flux of | millimeter
(0.04 inch) per year and a 10=-percent porosity in the surrouné}ng rock, the
pore velocity of water past the waste was estimated at 1 x 10 © meter (0.03
foot) per year. The gﬂfarent diffusivities of waste elements in the water
were taken as 1 x 10 square meter (1 x 10 square foot) per second,
including the effects of matrix tortuosity and connectivity., Details of how
the results were obtalned from the diffusion—limited dissolution model for
these parameters and the solubilities listed in Table 6-26 are given by
Kerrisk (1984). The ratio of release rate to inventory for a 50-50 mixture
of_gpent fuel and high-level waste glass at 1,000 years after closure 1is 3 x
10 ” per year, or about three times lower than the 0.001-percent annual limit
in the favorable condition. This result does not strongly depend on the
water flux. If the bulk fractional dissclution rate is lower than the 1 x
10 7 per year assumed for these results, then the ratio of release rate to
inventory will be lower. The results of experiments now under way indigate
that the bulk fractional dissolutfon rate may be much lower than 1' x' 10 ' per
year (Oversby, 1983). C
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Table 626, Solubilities of elements that are the
dominant contributors to spent fuel
radioactivity 1,000 gears afte~
repository closure®’

Solubilit
Element (moles/ )
Americium (Am) 1.0 x 10;‘;"
Plutonium (Pu) 1.8 % 10~f
Uranium (U) 2.1 x 10
Strontium (Sr) 9.4 x 107"
Carbon {C) large
Cesium (Cs) large
Technetium (Tc) large
Neptunium (Np) 3.0 x 10:%
Radium (Ra) 1.0 % 10_9
Tin (Sn) 1.0 x 10

aThe 10 elements listed here contribute about
99 percent of the spent fuel radioactivity
1,00% years after repository closure,
Solubilities at pH 7, oxidizing conditlons
(Eh = 700 mV, where Eh 1s the oxidation-raduction
potential), and 25°C (77°F) in water that 1is
characteristic of Yucca Mountain (Kerrisk, 1984).

Some idea of the uncertainty of this result can be obtained by
comparison with the similar result for the saturation-limited dissolution
model,- The saturation-limited model gives the ratio of release rate to
inventory ratio as 7 x 10 ° per year for a 50~50 waste mixture at 1,000 years
after closure. This upper 1limit for the release rate 18 about two times
higher than the diffusion-limited result, but it is still below the 0.001
percent limit in favorable condition 4.

Oversby and McCright {(1984) developed a third model for the release of
radionuclides from a spent fuel waste package. Containment barrier corrosion
rates are predicted to be very low under the conditions at Yucca Mountain.
Data for general corrosion indicate that it will take 67,000 years to corrode
away the 1 centimeter- (0.4 inch-) thick waste disposal container, Crevice
corrosion rates may be slightly higher under some conditions, but are not
expected to significantly affect the time required to degrade and remove the
contafuer wall. The expected failure wode for the contalner is stress corro-
sion cracking of the heat~effected zone associated with the final closure
weld., It is, therefore, expected that for the 67,000 years required to
remove the container by uniform corrosion, the waste form dissolution will
take place in a perforated but largely intact container,
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Oversby and Wilaca (1985) have used the model discuszaed above, together
with the data obtainc! on spent fuel dissolution in Well J-13 weter, to
obtain an upper limit to the expected release rates for spent fuel under
Yucca Mountain condit.ons. They assumed bare spent fuel in a waste disposal
container that had cracks in the closure weld that allow:! water to collect
in the container, Weier was assumed to flow preferentiallv into the vertical
emplacement holes arnd through the failed containers, ‘leither of these
conditions is expected to occur; however, the purpose of :he calculations was
to obtain an upper limit to release rates, and for tl*s purpose the
assumptions are reasonable.

The upper limits to release rates calculated by Oyarsby and Wilson
(1985) are as follows:

1. For uranium, actinides, and other elements controlled by the disso-
lution rate of the matrix, the release rate is H.4 x.10 = per year.

2, For elements contained partly in the pellet~c¢cladding gap, such as
cesium, there 18 a pulsed release followed by a gradual decrease in
release until matrix dissolution control is achieved. The maximum
release rate, for the repository ensemble average was calculated to

be 5.6 x 10"~ per year during the period when fuel pins were breach-
ing and allowing pulsed release to occur.

3. For carbon-14, there is an initisl pulsed release from the oxidized
skin on the Zircaloy cladding. Further release should be controlled
by the rates of dissolution of cladding and the fuel matrix. For a
container failure rate of 0.1 percent per year, the release of

carbon-14 would be 3 x 10 ° per year for 1,000 years, decreasing
thereafter to very low values,

The data used in the calculations were for 25°C (77°F)., The data of
Ekland and Forsyth (1978) suggest that there will not be a large increase in
dissolution rate of the matrix for the highest temperatures under which
liquid water dissolutlon of spent fuel can occur in a Yucca Mountain
repository. Tests of spent fuel in Well J~13 water at elevated temperatures
will begin in late 1985. Results of these tests will be used, when avail-
able, to revise the estimate of release rates,

The cracked container model developed for spent fuel can also be used to
assess glass waste form release rates, In this case the water may be assumed
to collect in the open space hetween the top surface of the glass and the
upper closure weld. The exposed surface area of the glass (no allowance for
cracking) is 0,27 square meter (2,9 square feet), and the head space volume
i1s 108 liters (28 gallons), giving a ratio of surface area to solution volume
(SA/V) of 2.5 per meter, Assuming that enough water could flow through the
waste disposal contalner in a year to replace the euntire 108 liters (28 gal~
long), waste form dissolution under these conditions for 1 year would have a
(SA/V)t scaling parameter value of 912.5 days per meter. If a cracking
factor of 10 is assumed, the (SA/V)t parameter becomes 9,125, This parameter
is obtained by multiplying SA/V by the time, t, of the test. The flux
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through the reposltoty horizon that would be needed to make these conditions
possible would be 20 millimeters (0.8 inch) per year, a value that 1s 40
times the curveunt uprer bound on flux of 0,5 millimeter {0.0Z inch) per year
(Section 6.3.1.1.5).

Bazan and Rego {1984) have shown that the normalisal release rate of
lithium from defense waste processing facllitv 165-frit slass 13 less than
0.02 gram per square meter-day in J-13 water at 90°C (i )*F). They used an
SA/V of 50 per meter and test times up to 56 days, gilving an (SA/V)t value of
2,800. The release rates measured by Bazan and Rego (!9t4) were close to
constant over the range of 600 to 2,800 in (SA/V)t. 1i+thium is a very
soluble element and should give an upper limit to the degradation rate of the
glass matrix and to the release of radionuclides. This assumptlon is
supported by the results of Bibler et al, (1984) on 165-frit glass in Well
J-13 water.

The scaling~parameter value of 9,125 obtained under the assumptions
listed above 1is outside the range of the present data of Bazan and Rego
(1984), but within reach in furure experiments. Assuming that the previously
established trend continues to be valid up to 9,125 days per meter, a release
rate of less than 0.02 gram per square meter per day, or 20 grams
(0.7 ounce) per year, would be expected., The weight of glass in the waste
disposal container 18 1.7 x 10  grams (3,800 pounds), so the release rate
would be slightly over 1 part in 100,000, However, the flow rate of water
used In these assumptions was 40 times larger than the upper bound presented
in Section 6.3.,1.1.5. Under the upper bound on flux, the cal¢ulated release
should be spread over 40 years and be well below the limit of 1 part in
100,000 per year,

Bates and Gerding (1985) have conducted glass release rate tests using a
flow rate that 1s equivalent to a repository flux of 8 millimeters (0.3 inch)
per year, They use a cylinder of glass capped with perforated stainless
steel to simulate a degraded waste dlsposal countainer. Water is delivered by
slow dripping onto the top of the specimen at the rate of one drop every
3 days. Release rates based on weight loss after 26 weeks at 90°C (190°F)
were 0.5 gram per square meter. Rates based on lithium release were similar,
while those for uranium were lower, Scaling this release rate to the free
top surface of a glass waste disposal container (0.27 sBquare meter
(2.9 square feet) x 10 for cracking) and a l-year release time, the total
release woulg be 2.7 grams (0.1 ounce). This corresponds to & release rate
of 1.6 x 10 per year from the glags, If the Bates and Gerding (1985) data
are adjusted to a flux of 0.5 millimeter (0.02 inch) per year, the release
rate would be 1 x 10 per year,

Conclusion
Bacause of the relatively benign geochemical, setting and the low'flux of
water in the unsaturated zone, it is expected that, for a repository at Yucca

Mountain, less than 0.001 perceut per year of the total radionuclide inven-
tory 1,000 years after permanent closure would be dissolved. If the presence
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of intact cladding ovn some of the spent fuel and intact waste disposal con—
tainers for both was'e forms are considered in the calculations, the release
rates are expected (> be very much lower., Therefore, the evidence indicates
that this favorable vondition is present at Yucca Mountain.

(5) Any combiration of geochemical and physical r«.ardation proc-
esses that wouid decrease the predicted peak cumularive releases of
radionuclides :o the accessible environment by a {..tor of 10 as
compared to those predicted on the basis of ground- vater travel time
without such retardation,

Evaluation

Geochemical and physical retardation processes include (1) chemical
adsorption of radionuclides onto host minerals, (2) flow governed by the
matric potential, and (3) the diffusion and dispersion of radionuclides due
to fractures and geometrical effects.

Most of the radionuclides listed in 40 CFR Part 1%1 {(1985) will chem~
ically adsorb to the tuffs of Yucca Mountain. Retardation factors for these
radionuclides, as determined from equilibrium batch experiments (Daniels
et al., 1982), range from a low of approximately 1 for technetium-99 to
almost 1 million for radium-226., All the radionuclides studied, except for
technetium~99, have retardation factors well in excess of 10, and for porous
flow, the effective velocity of radionuclides is found by dividing the flow
rate by the retardation factor. FExcept for technetium-99, geochemical
adsorption will therefore greatly delay the arrival of the peak total radio-
activity to the accessible environment. There 1s also considerable variation
in the retardation factor values from one stratigraphic unit to another, and
this will act to separate the various radionuclides much like a chromato-
graphic column., This separation will result in a spreading out or stretching
in time of the cumulative release, and hence, a reduced rate of release to
the accessible environment (Travis et al., 1984)., This effect is expected to
apply along the entire path to the accessible environment, not just in the
unngsaturated zone.

The potential host rock at Yucca Mountain is a fractured, unsaturated
tuff. The effect of fractures on flow and transport is not fully understood
at this time, especially for the unsaturated zone. Preliminary analysis of
water flow in fractures (Travis et al., 1984) indicates that narrow-aperture
cracks will not be able to transmit water very far because of strong matric
potential. Therefore, the flux of 0.5 millimeter (0.02 inch) is expected to
be transported predominantly in the matrix. If flux conditions do allow
fracture flow in the unsaturated region (because of the presence of wide
cracks in units with high saturation), diffusion out of cracks into the rock
matrix will retard the progress of radionuclides by at least a factor of 100
(Travis et al., 1984). Diffusion from fractures in the saturated zone could
also retard transport compared with transport in fractures without .diffusion:
(see favorable cendition 2, part (b)). s a IR

A conservative numerical evaluation for this favorable condition was
made as follows. A representative path from the disturbed zone to the water
table for an estimated unsaturated zone flux of 0.5 millimeter (0.02 inch)
per year was chosen. It has a travel time of 43,265 years, which is the mean
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of the travel-time cdistributions given {in Section 6.3.1.1.5. The waste
disposal contalners were assumed to faill at 1,000 years and the entire
inventory was assumsd to be instantaneously available for dissolution and
transport. The pea% cumulative release, neglecting re:ardation of any
radionuclide, would cgen be at about 44,000 years and wwuld be the entire
inventory of 1.2 x 1) curies per 1,000 metric tons of heavy metal (MTHM)
(Croff and Alexande-, 1980). Alternatively, using rc¢.ardation factors
calculated from representative values of sorption ratic¢: from tables 6-23a
and 6-23b, the peak cumulative release would be expec:ed at 44,000 years
afcer closure and would consist of technetium-99, lodin»- 129, and carbon-l14,
At 44,000 years the technetium=-99 inveutory 18 1.05 x 10 curies per 1,000
MTHM, the carbon-14 inventory is less than 10 curies pev 1,000 MTHM, and
iodine-129 inventory is 31 curies per 1,000 MTHM. This calculation shows
that geochemical retardation alone will decrease the peak cumulative release
by a factor of 1l.4, Other retardation mechanisms such as matrix diffusion
and dispersion have been neglected., This calculation demonstrates only that
retardation processes at Yucca Mountain are capable of decreasing peak
releases by at least the factor of 10 specified in the {avorable cendition,
Because of the numerous conservative simplifying assumptions made 1in the
calculation, it does not represent a prediction of the likely magnitude of
future releases,

Conclusion

Chemical adsorption, an extremely low water flux, and radionuclide dif-
fusion into the rock matrix all combine to decrease the predicted peak
cumulative radionuclide release to the accesalble environment by at :least a
factor of 10 as compared with predictions based on ground-water travel time
without 8such retardation, Therefore, the evidence indicates that this
favorable condition is present at Yucca Mountaln.,

6.3.1.2.4 Potentially adverse conditions

(1) Ground-water conditions.in the host rock that could affect the
solubility or the chemical reactivity of the engineered-barrier
system to the extent that the expected repository performance could
be compromised.

Evaluation

The pre-waste~emplacement water chemistry in the host rock is not kunown,
because water samples from the unsaturated zone of the Topopah Spring Member
have not yet been obtained. However, it is assumed to be similar to the com-
position of samples ohtained from below the water table in drtll holes at
Yucca Mountain (Danlels et al., 1982), because water in the saturated zone
includes water that was formerly in the unsaturated zone. The ground-water
sanples have similar chemical compositions and, when taken as a group, are
similar to water taken from Well J~13 (approximately 6.5 kilometers (4 miles)
southeast of Yucca Mountain). At Well J-13, the Tepopah Spring Member lies '
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below the water tabl: and 1s the producing horizon for the well., Because of
the relative uniformity of ground-water chemistry obtained from drill-hole
samples, and the siwilarity of the ground water to that of Jj=13 water, the
J-13 water has been used as the reference water for the repository horizon.
Samples of water from the unsaturated tuffs at Yucca Hdcuntain will be
obtalned when the e:ploratory shaft 1s constructed. ‘'he reference water
composition will than be revised, and the potential e¢.'fects of any dif-
ferences between the waters drawn from the unsaturateé zone and Well J-13
will be evaluated,

As shown in Tabl2 6~-27, the major components of wai r from Well J-13 are
sodium, silicon, and bicarbonate 1on, with lesser amounts of calcium, potas-
sium, magnesium, sulfate, nitrate, chlorine, and fluorine. All other ele~
ments are present in concentrations less than 0.2 milligram per liter. The
pH of the water is nearly neutral, When J~13 water was reacted with Topopah
Spring tuff at 90 and 150°C (190 and 300°F), only very slight changes 1in
anion concentrations in solutlon occurred (Knauses et al., 1984), The prin~
cipal changes {in chemistry of the water were an increasgs> in silicon concen-
tration to a level just below the solubility limit of cristobalite, a
decrease in the concentrations of magnesium, calcium, and the bicarbonate ion
due to precipication of calcium-magnesium carbonate, at the higher tempera~
tures, and an increase in aluminum concentration (to approximately 0.5
milligram per liter at 90°C). Results obtained using samples of the Topopah
Spring Member from drill cores USW G-1, USW GU-3, USW G-4, and UE-25h#] were
consistent with those obtained from surface-outcrop material collected at
Fran Ridge. This suggests that lateral vsariation iIn the chemistry of the
tuff 1s not llkely to cause major variatiouns in the host rock water chemistry
(Oversby, 1983, 1985).

Drill-core samples of Topopah Spring tuff were tested for the presence
of any readily soluble material in or on the rocks. Such material 1is found
on outcrop samples in arid climate zones and has been shown to be present at
the extreme southwest spur of Yucca Mountaln and Fran Ridge near Yucca
Mountain (Knauss et al., 1984; Oversby and Knause, 1983), The USW holes were
drilled using drilling fluids that might have removed scluble salts; however,
the materials tested from UE-25h#1 were obtalned by air drilling horizontally
into the side of Fran Ridge and provide a good test of whether the soluble
material can be expected to occur at some distance from the surface. The
sample obtained from 24 meters (78 feet) into the air-drilled hole was the
closest to the original outcrop surface. None of the samples tested was
found to contain any evidence for significant amounts of readily soluble
material that could increase the anion content of J-~13 water. This result
strongly suggests that the presence of soluble salts 18 a surface evaporation
phenomenon and that such materials are unlikely to be present at the depth of
the repository. This topic will be further investigated by the examination
of cuttiongs from the unsaturated zone characterization holes (UZ series).

To determine the effects of water chemistry on expected repository per-
formance, oune must consider the potential rates and mechanisms for the corro-
slon of the waste disposal ‘containers, and the dissolution rates of the waste
forms. The reference contalner material 18 austenitic stainless steel.
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Tab’e 6-27. Chemistry of J-13 well wat.era’h

Mean
concentration ‘ StandardL
Component (mg/L) deviation
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Magnesium (Mg)
Manganese (')
Silicon (Si)
Iron (Fe)
Strontium (Sr)
Barium (Ba)
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Titanium (T1i)
Calcium (Ca)
Lithium (L1)
Potassium (K)
Aluminum (Al)
Sodium (Na)
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8pata from Daniels et al, (1982).
pH = 7.1.
Standard deviations about mean for cation data are for well water
collected over six-month intervals.
Anion data are averages of two samples taken six months apart.

During the first 1,000 yea rs after emplacement, uniform corrosion of thig
material in the repository environment 18 expected to cause the loss of less
than 0.1 centimeter (0.04 inch) of metal from the wall of the coptainer,
which is 1 centimeter (0.4 inch) thick. The J~13 water chemistry both before
and after hydrothermal reaction with Topopah Spring tuff has low concen-"
trations of elements like fluorine and chlorine, which reduces the likelihood
of pitting or crevice corrosion in the austenitic stainless ‘steel, The rela-
tively benign water chemistry is also unlikely to enhance any’ stress~assisted
corrosion., Thus, there are no known ground-water conditions at Yucca
Mountain that are expected to compromise the performance of the metal barrier
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(McCright et al., 1983; Oversby and McCright, 1984; Cversdby, 1985). The
possibility existr, however, that dehydration-rehydra:lon effects, produced
as the waste dispoual containers go through the elevat2d temperature phase,
may Increase the s.:lt concentrations in the ground wa:ic¢r near the containers,
which could increasa the chance for their corrosion., hie scenario is
discussed in more detall in Section 6.3.1.3.4.

The testing of borosilicate-glass waste forms in J: 13 water, both with
and without tuff present, is in progress. The resul s of testing with
experimental samplea of glass (PNL 76-68 glass) indivcan that the presence of
tuff diminishes the dissolution rates of the glass (Oversby, 1983). Dis~
solution ratea of defense-high~level-waste glass in J~|3 water without tuff
are substantially lower than those found in delonized water (Bazan and Rego,
1984), Thus, the water conditions expected in the hoet rock are not expected
to adversely affect the performance of borosilicate glass waste forms, On
the contrary, the presence in the water of silicon leached from the host rock
appears to decrease the dissolution rate of the glass matrix (Oversby, 1983).

Spent fuel has been tested in delonized water and in J~13 water at 25°C
(77°F) (Wilson and Oversby, 1985). These results show that there is no
increase in spent fuel dissolution and degradation in J-13 water over that in
deionized water. On the contrary, there is less evidence for attack of the
fuel at grain boundaries in the J-13 water, less total mobilization of fuel
components (based on the inventory of elements found plated out on the
reaction vessel plus those in solution), and lower solution concentrations
for most actinides. Uranium is more soluble in J~13 water than in delonized
water, with an apparent solubility of approximately 5 parts per million,
based on the highest concentrations observed during six months of testing.
The higher solubility of uranium in J-13 water 1is due to the bicarbonate
content of the water. The results obtained are in agreement with those found
by other workers using spent fuel in waters of similar compogitions (Johason
et al., 1981). On the basis of these results, it is considered likely that
the expected water compositions in the repository will not compromise the
performance of spent fuel waste forms.

Conclusion

Ground-water conditions in the Topopah Spring Member of the Paintbrush
Tuff at Yucca Mountaln are expected to be such that no changes in the solu~-
bility and the chemical reactivity will degrade the engineered barrier
system, and no degradation of repository performance 1s expected. Prelim-
inary results for both the metal waste disposal container and for the waste
forms show no detrimental effects due to host-rock water chemistry. There-
fore, the evidence indicates that this potentially adverse condition is not
present at Yucca Mountain.

(2) Geochemical processes or conditions that could reduce the
sorption of radionuclides or degrade the rock strength.

Evaluation

The zeolites clinoptilolite and mordenite are high-silica zeolites found
at Yucca Mountain. They are metastable with very slow reaction rates., The
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aluminum-to-~gilicon ratio for these zeolites is slightly variable but is
generally near 3~tc¢-15 (Caporuscic et al., 1982). For the sodium end member
of such a zenlite “ae reaction to albite can be written:

Na3A138115036 . 12H20 = 3NaAlS1i,0, + 6510, + 12H, (.

38 2 2 (6-3)
(zeolite) (feldspar)

Because clinoptilolite and mordenite contain abundrst silica, when they
break down, usually to feldspars or analcime, silicon dioxide is also
produced. From this -eaction, 1t can be noted that 1f tine chemical potential
of silicon diox?ie is high, the reaction will tend to move toward the left,
forming a zeolite mineral. If the chemical potential of silicon dioxide is

low, there will be a tendency to form feldspar, or anaicime 1if it is wmore
stable,

Glass and cristobalite are metastable phases in tuff environments at
Yucca Mountailn and produce higher chemical potentials of silicon dioxide than
does the stable silica mineral, quartz. Clinoptilolite and mordenite in
tuffs form as alteration products of glass (Hay, 1978) and at Yucca Mountain
tend to coexist with cristobalite but not with major amounts of quartz
(Waters and Carroll, 1981; Caporuscio et al., 1982).

Successful laboratory syntheses of clinoptilolite have used starting
materials that produce a high chemical potential for silicon dioxide
(Hawkins, 1981; Chi and Sand, 1983). Fluid from 150°C (300°F) hydrothermal
experiments with clinoptilolite bearing samples from the tuffaceous beds of
Calico Hills at Yucca Mountain contained 470 milligrams per liter silicon
dioxide, which is well above the concentration that would be in equilibrium
with quartz (Wolfsberg et al., 1983). Finally, calculations using estimated
thermodynamics data for Na and K~clinoptilolites and mordenites (Daniels et
al., 1983) indicate that the silica concentration in solution for the zeolite
transition to feldspar at temperatures between 25 and 200°C (77 and 390°F) is
near that for cristobalite saturation.

These observations lead to the conelusion that clinoptilolite and morde-
nite are metastable minerals at Yucca Mountain. With the gradual transition
of the glass and cristobalite to quartz, the clinoptilolite and mordenite
become unstable and recrystallize over geologlc time periods to less sorptive
minerals. However, as already discussed under favorable condition 3, above,
it is very unlikely that this transition will be sufficlently rapid to affect
repository performance. ‘

Con¢lusion
The sorptive zeolites found in Yucca Mountain (heulandite, clinoptilo-

lite, and mordenite) are metastable, with very slow reaction rates. ' Through
time, the zeolites might begin to recrystallize to less sorptive minerals.
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However, as discus ed under favorable condition 3, very little reaction Iis
expacted in the nixt 100,000 years. Sorptive propercies and hgst-rock
strength are not expected to be reduced by geochemical processes accurring at
Yucca Mountain. ‘'tinerefore, the evidence indicates tlut this potentially
adverse condition is not present at Yucca Mountailan.

(3) Pre-waste—-emplacement ground-water conditio:- in the host rock
that are chemically oxldizing.

gyaluation

The poten.ial host rock at Yucca Mountain lies abgve the water table and
is in the densely welded portion of the Topopah Spring Member of the Paint~
brush Formation. Pores in the rock will be partlally filled with water and
partially filled with air because of the unsaturated conditions,
Consequently, the water can be expected to contain dissolved oxygen up to a
level of 8.1 parte per million, which {s the solubility of oxygen at 25°C
(77 °F) and 1 atmosphere (Linke, 1965). There are nc major mineral com-
ponents 1in the potential host rock that can be expected to react with the
dissolved oxygen, However, the reaction of the trace minerals in; the rock
(evg., biotite, amphibole, ilmenite, and magnetite) that contain ferrous iron
could consume some of the dissolved oxygen. »

Although the proposed repository is 1n an oxidizing environment, there
are gome factors that could effectlvely reduce the amount of oxygen reaching
the emplaced waste., Reductions in the oxidation state of the water could
result from interaction with the austenitic stainlesyg steel of the waste
disposal contalners. In addition, under mildly oxidizing conditions this
steel should develop a protective oxide film that would limit further
corrogion of the container (McCright et al., 1983). Thus, the pre-waste-
emplacement oxidizing conditions may prolong the lifetime of the waste
disposal contailner.

The release of radionuclides from vitrified waste in the Yucca Mountain
environment is expected to be controlled by the matrix solubility of the
glass, and to occur at levels less than 1 part in !00,000 per year of the
inventory at 1,000 years after closure (Overshy, 1983), The pre-waste-
emplacement oxldizing conditions are not expected to adversely affect the
rate of release from glass waste forms. As mentioned above; the oxidation
state of the water in contact with the waste forms may have been lowered by
interactions with the metal container. Water contact with spent fuel may
also be buffered by reaction with the Zircaloy cladding of the fuel, a
reaction that could cause further lowering of the oxidation state of the
water,

0x1dizing conditions in water that contacts spent fuel waste forms could
produce two potentlally adverse effects. First, the solubility of spent fuel
in an oxidizing environment will generally be greater than that in a reducing
environment (Lemire and Tremaine, -1980). This could lead to a larger, release
of radioactive elements from the waste disposal container under oxidizing
conditions than under reducing conditions 1f all other factors are the same.
Second, the presence of oxldizing conditions might adversely affect the life-
time of the Zircaloy cladding 1f the uranium dioxide were to become oxidized
and cause stress rupture .of. the cladding.
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Conclusion

The ground-water c¢onditions at Yucca Mountain are expected to be chemi-
cally oxidizing. As d'scussed above, this condition could be altered afterx
the emplacement of waste disposal containers and is not ¢»pected to cause
serious problems with *espect to the solubility or chemica. reactivity of the
engineered barrier syatem. Nonetheless, oxidizing conditi:ng are expected in
the pre-waste-emplacement environment. Therefore, the ¢.ldence indicates
thac this potentially adverse condition is present at Yuc:i Mountain.

6+3.1.2.5 Evaluation and conclusion for the qualifying cundition on the
pestclosure geochemistry guideline

Evaluation

Identified geochemical processes involving mineralogic reactions have
been inoperative at Yucca Mountain during the Quaternar’ Period or have,
during this period, occurred at low enough rates and affected small enough
areas that their continuation over the next 100,000 years is unlikely to
affect the ability of the geologic repository to isolate waste, The pH of
the water from the vicinity of Yucca Mountain is in the range where the oxide
and hydroxide precipitates for most radioactive elements (particularly
actinides) show minimum solubility. The matrix properties of the host rock
and surrounding units favor diffusion, (favorable condition 2, part (b)), and
the geochemical conditions at Yucca Mountain promote the sorption of radio-
nuclides. The total organic content of water from the vicinity of Yucca
Mountain is very low; no significant quantities of organic complexes contain-—
ing waste elements are likely to form. The movement of particulates and
colloids may be greatly iphibited by the presence of zeolitized tuff, which
occurs beneath the repository horizon and 1s expected to have few fractures.
Present knowledge indicates that the sorptive capacity will not significantly
decreage and could even increase over the next 100,000 years. Although the
sorBtive zeolices (clinoptilolite and mordenite) may break down over geologic
time, very little reaction is expected in the next 100,000 years. The
expected geochemical conditions and water flux at Yucca Mountain will allow
less than 0.001 percent per year of the total radionuclide inventory in the
repository at 1,000 years after permanant closure to be dissclved. There are
several retardation processes that will decrease predicted peak cumulative
radionuclide release to the accessible enviroument by a factor of at least
100 as compared with predictions based on ground-water travel time without
such retardation.

Solubility and chemical reactivity of the engineered barrier system
under expected repository conditions in the Topopah Spring.Member at Yucca
Mountain allew satisfactory performance under expected repository conditions.
Changes in the oxidatiop~reduction state of the water due to. interaction with
the austenitic stainless steel of the waste disposal container or with the
Zircaloy cladding of sgpent. fuel rods could mitigate the consequences of the
chemically oxidizing pre-waste—emplacement ground-water conditions.
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Conclusion

The present .nd expected geochemical characteristics of the Yucca
Mountain site prov‘’de reasonable expectation that rad’.nuclide releases from
the engineered barrier system and to the accessible environment will meet the
applicable limits and performance objectives. The enylueered barrier system
1s expected to meet performance objectives for conts ' nment and isolation
because of the benign chemistry of the unsaturated euplacement environment
and the extremely low water flux., Therefore, the ev'ldience does not support a
finding that the site is not likely to meet the qu:liiying condition for
geochemistry (level 3),

6.3.1.2,6 Plans for site characterization

A number of tests are plammed to improve the understanding of geo-
chemical conditions and processes at Yucca Mountain Analysis of rock
samples collected during construction and from lateral coring in the
exploratory shaft and in drifts in the in situ test facility will provide
data to better establish the vertical and lateral mineralogical and geo-
chemical variability in the tuffaceous rocks at Yucca Mountain, Perched
water, fracture-bound water, and any other mobile water in the unsaturated
zone will be sampled, monitored and analyzed to understand the types and
magnitudes of chemical reactions occurring within the unsaturated zone. 1In
addition, large blocke of rock will be obtained at various depths during
congtruction of the exploratory shaft for chlorine~36 analyses of pore-water
age. This analysis will provide supporting data for estimates of flow rates
and travel times in the repository horizon,

A diffusion test is also planned during the in situ phase of testing.
This test will be used to evaluate and confirm the diffusion processes and
rates 1n the unsaturated Topopah Spring welded unit and the Calico Hills ncn-
welded unit. Results of this test will aid in establishing confidence in the
radionuclide retardation capability of the host rock.

6.3.1.3 Rock characteristics (10 CFR 960.4-2~3)
6.3.1.3.1 Introductioun
The qualifying condition for this guideline is as follows:

The present and expected characteristics of the host rock and
surrounding units shall be capable of accommodating the thermal,
chemical, mechanical, and radiation stresses expected to be induced
by repository comstruction, operation, and closure and by expected
interactions among the waste, host rock, ground water, and engineered
components. The characteristics of and the procésses operating
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within the geolog!c setting shall permit compliance with (1) the
requirements spec’fied in Section 960.4-1 for radionuclide releases
to the accessible environment and (2) the requiremen:s set forth in
10 CFR 60.113 for radionuclide releases from the engineered bharrier
system using reasg.nably available technology.

Postclosure rock characteristics are important to t:ie long-term iso-
lation capability of the host rock. The mining operation during repository
construction and the heat generated by the emplaced wast. must not lead to
conditions that would significantly diminish the abili. y of the site to
contain and isolate the waste. If extensive changes in tie host rock were
induced, new pathways ¢: barriers for radionuclide migrat! n from the reposi-
tory could result, and the isolation capabilities of the liost rock could be
impaired. The objective of the postclosure rock characteristics guideline is
to ensure that the present and expected characteristics of the host rock and
gurrounding units can accommodate the thermal, chemical, mechanical, and
radiatlon stresses expected to be induced by repository construction,
operation, and closure and by expected interactions among the waste, the host
rock, the ground water, and the engineerred barrier system.

The postclosure rock characteristics guideline consists of two favorable

conditions, three potentially adverse conditions, and one qualifying
condition. The evaluations reported below are summarized in Table 6-28.

6.3.1.3.2 Data relevant to the evaluation

Summary of available data

The stratigraphic section at Yucca Mountain 1is composed of a sequence of
welded and nonwelded tuffs; some strata are devitrified or altered, and some
remain vitric (Scott and Castellanos, 1984). The strata have been subiected
to varying amounts of mineral alteration, as described by Bish et al. (1984).
The densely welded devitrified portion of the Topopah Spring Member of the
Paintbrush Tuff at Yucca Mountain has been selected as the potential host
rock (Johnstone et al., 1984) after an area~to-location screening evaluation
(Sinnock and Fernandez, 1982). Studies by Mansure and Ortiz (1984) and
Nimick and Williams (1984) have provided estimates of the vertical and
lateral extent of the potential host rock. The relevant data for analyzing
the 1mpact of rock characteristics on waste containment and isolation include
the geologic, mineralogic, physical, thermal, and mechanical attributes of
the relevant rock types. The speclal considerations involved in disposal of
waste in the unsaturated zone have been reviewed (Roseboom, 1983). The
geologic attributes Iinclude the thickness and lateral extent of units (Nimick
and Williams, 1984) and structural features such as fracturing and stress
state. The potential host rock at Yucca Mountain is highly fractured but
many of the fracture attributes, such as orientation, frequency, length, and
aperture, have not yet been measured (Spengler et al., 1979, 1981; Spengler
and Chornack, 1984; Maldonado and Xoether, 1983). Preliminary measurements
of in situ stresses have been made (Healy et al., 1982). Bish et al. (1984)
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Table 6-28.

Summary of analyses for Section 6.3.1.3;

postclosure rock characteristics (10 CFR 960.4-2-3)

Condition

Department of Energy (DOE) finding

(2

(1

(2)

FAVGRABLE CONDITIONS

A hoet ro~¥ that is sufficiently thick and
lzeers??y extensive to allow significant
flexibility in selecting the depth, config-
uration, and lecation of the underground

facility to ensure isolation.

A host rock with a high thermal conductivity,
a low coefficient of thermal expansion, or
sufficient ductility to seal fractures induced
by repository construction, operation, or clo-
sure or by interactions among the waste, host
rock, ground water, and engineered components.

The evidence indicates that this favorable condition
is not present at Yucca Mountain: the host roek is:

sufficiently thick and laterally extensive to ensure-

isolation; however, significant lateral flexibility
cannot be claimed until site-characterization data

are available.

The evidence indicates that this favorable coanditiom
is present at Yucca Mountain: the host rock
possesses a low thermal expansion coefficient; cal-
culated thermal and mechanical behavior of the host
rock suggests no adverse response to be expected.

POTENTIALLY ADVERSE CONDITIONS 8

Rock conditions that could require engineer-~
ing measures beyond reasomably available
technolugy for the comstruction, operation,
sué closure of the repository, if such
measures are necessary to ensure waste
contaimment or isolatiomn.

Potential for sach phenomena as thermally in-—
duced fractures, the hydraticn or dehydrationm
of mineral components, brine migration, or
other physical, chemical, or radiation-
reiated phenomena that could be expected te
affect waste containment or isolation.

The evidence indicates that this uOnmSanHHw.mmomnmm
condition is not present at Yucca Mountain: no rock
conditions identified to date are expected to re-
quire extraordinary eangineering measures to ensure
waste containment or isolation.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: the
potential host rock is expected to be physically arnd
chemically stable; calculations indicate tkat ther-
mally induced fracturing would be minor and would
not be expected tc affect waste containment or
igolation.
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Table 6-28. Summary of analyses for Section 6.3.1.3; postclosure rock characteristics (10 CFR 960.4-2-3)
{continued)
Condition m

cmvmnnamSn mmummmmmw mU@Mv finding

(3) A combination of geologic mnnwmncnm. geochem~ ,

ical aand thermal properties, and hydrologic
coendifior~ in the host rock and surrounding -
«uats o:ch that the heat- generated by the
waste could significantly decrease the isola-
tion provided by the host rock as compared
with the pre-~waste—emplacement conditions.

QUALIFYING

The present and expected characteristics of the
that host rock amd surrounding units shall be
capable of accommodating the thermal,- chemical,
mechanical, 2nd radiation stresses expected to be
induced by repository coustruction, operatiotn,

and closure and by expected interactions among the
waste, host rock, ground water, and engineered
components. The characteristics of ard the
processes coperating within the geologic setting
shall permit compliance with (1) the requirements
specified in Section 960.4-1 for radienuclide
relezses to the accessible environment and {2) the
requirements set forth in 10 CFR 60.113 for radio-
auclide releases from the engineered-barrier
system using reasonably available technology.

- [ ments.

ﬁwm evidence anwdmnmm nvmn‘nv»m vomm:mumwww mm<mnwm

condition is not ﬁummmﬁn at -Yucca:Mountain: . fio:
combination. of host~reck properties and noaawnuonu
has been identified that would be. expected to nm:mm

" a decrease in isolation capability because of nwm

heat load.

CONDETION : , B

mmwmnﬂnm information does not support the mﬂuapum

rock .and m:ﬁno;mawnm unlts are expected to umnawn

cempliance with containiient or isolation require-.

.w the site is not likely to meet the qualifying-condi-~
‘tion (level 3): the characteristics of the host . E

- Available data suggest rock nrmnmnnmn»mnwnm:
~are not expected no,noswﬂoswmm wmﬂmonsmnnm of nmm
,tmwnm vbormmm. ) L oo

:]1_.}1
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provide the bulk mineralogic data for various stratigraphic layers. A
preliminary assessment of the potential for halide concentrations in the
ground water of the rupository environment is provided (Morales, 1985).
Preliminary investigations of the corrosion of the stainless steel waste
disposal contalners duu to the gamma radiolysis of water have been made
(DOE/NVO, 1985). The offect of the heat generated by the waste contailner on
the immediate environuent around the repository horizon hsi been evaluated by
Stein et al. (1984).

Tillerson and Nimick (1984) have described relevant pivsical properties
including density and porosity, and heat capacity, thermsl conductivity, and
thermal expansion for comparison with the properties of c¢.her rock types
(DOE, 1984a,b; Tums, 19763 Clark, 1966). Mechanisms that may alter host-rock
permeability have been investigated (Braithwaite and Nimick, 1984; Wollast,
1967; White el al., 1980; McVay, 1982; Moore et al., 1984), Temperature and
pressure effects are yet to be investigated although limited data are avail-
able for similar rock types (Zimmerman, 1983)., The temperatures expected in
the repository have buen calculated (Morales, 1985) and the effects have been
investigated of elevated temperatures on tuff minerology /Bish, 1981; Bish
et al., 1982; Koster van Groos, 1981; Lappin, 1980a), water movement (Stein
et al., 1984; Mondy et al., 1983), and ground-water chemistry (Oversby 1983;
Erdal et al., 1979; Johnstore and Wolfsberg, 1980; Daniels et al., 1982),
Ground-water flux through the repository has also been estimated (Wilson,
1985). The mechanical properties needed for repository design include the
elastic modulus, Poisson's ratio, cohesion, angle of internal friction, and
tensile strength for intact material and such fracture properties as shear
and normal stiffness, cohesfon, and the coefficlent of friction. The
dependence of these properties on water content, confining stress, and
temperature 1s under investigation. Preliminary designs for borehole and
repository plugging and sealing have been prepared (Fernandez and Freshly,
1984; Jackson, .1984),

Assumptions and data uncertainties

Rock conditions that are influenced by geochemical and hydrologic condi-
tions are discussed in the geochemistry guideline (Section 6.3.1.2) and the
geohydrology guideline (Section 6.3.1.1). Changes in rock attributes during
the operation of the repository (Section 6.3.3,2) can also be important to
the postclosure behavior of the repository. This guideline addresses the
rock conditions after closure and their potential effects on waste contain-
ment and isolation. 1In order to evaluate the effects of heating on the very
near, near, and far fields for periods to 50,000 years, various waste
emplacement counfigurations (including the preferred vertical and alternative
horizontal configurations), canister loadings (1.6 and 3.3 kilowatts per
canister for spent fuel and 2.16 kilowatts per canister for commercial high-
level waste), and repository gross thermal loadings (50 to 100 kilowatts per
acre) were assumed. Rock properties actually determined for the host rock
and surrounding units were used, where available. Where specific properties
for a particular unit were not available, the property was estimated by com—
parison with a similar rock unit. Virtually no data are available on pro-
perties of individual fractures or the effects of fractures on rock matrix
properties, although experiments to measure such properties are under way in
the laboratory and planned for the exploratory shaft.
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Conservative assumptions were used in all of the computer analyses
reported here. The ctaracteristics of fractures are difficult to model; for
these analyses the ¢;actures were modeled as planar, ubiquitous, and non-
intersecting. Models are being developed to better understand the influence
of fractures. The current models also rely on sequential. rather than fully
coupled, calculations. Often, averaged properties were nsed in the evalua-
tions. Whenever possible, average and bounding propertics were determined by
statistical analysais.

Some geologic uncertainty arises because the data 7re derived from
surface mapping and a limited number of boreholes, Nev riheless, the three-
dimensional geologic mndel of Yucca Mountain 18 reasons® v complete (Nimick
and Williams, 1984). Yhe material properties of the stracigraphic units are
determined from cores typically 5 centimeters (2 inches) or less in diameter.
Because the sample size {35 small, the known properties are mainly limited to
those of the matrix rather than the rock masss. Also because of the small
sample size, discontinuities present in the rock mass are not necessarily
included in the sample. Some of the thermal and mechanical matrix properties
are relatively well known because a large number of samples have been
measured. In these instances, the data have been statistically analyzed to
yield average values and standard deviations.

Quantitative and qualitative analyses are used in the discussion of the-
favorable and potentially adverse conditions. The quantitative analyses used
computer models to predict the thermal and thermomechanical behavior of the
rock units. Qualitative and semiquantitative analyses were used to predict-
mineralogical responses to the heat emitted by the waste decay, the thickness
and lateral extent of the host rock, and the relation of rock characteristics
to engineering requirements.

The uncertainty introduced by the computer models is poorly known at
present. 'Evaluations are under way to investigate this uncertainty by com~
paring the results of different models sclving the same problem. -The models
are also being used to predict and compare the results of gpecific experi-
ments ‘and fleld tests.

The preliminary assessment of possible hallde concentrations in the-
repository envircument are based on incomplete investigations that will be
continued during site characterization, as will the early investigations of
radiation*related phenomena. ‘ :

6.3.1.3.3 Favorable conditions
(1) A host rock that is sufficiently thick and laterally extensive

to allow significant flexibility in selecting the depth, configura-—
tion, and location of the underground facility to ensure’isolation.

Evaluation

¢

Four potential emplacement horizons in Yucca Mountain have been evaluated
(Johnstone et al., 1984), and the'unsaturated densely weldeéd'devitrified"
portion of the Topopah 8pring Member has been selected ‘as “the 'preferred:
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repository horizon. The other three units were also judged to meet
performance requirements for waste 1solation, but ranked below the Topopah
Spring Member. These units are the tuffaceous beds of Calico Hills and the
Bullfrog and Tram mevwbers of the Crater Flat Tuff. The ranking criteria
included (1) ground-water travel time, (2) allowable grcss thermal loading,
(3) excavation stability, and (4) relative economics. Ior the unit evalu-
ation, the Topopal: Spring Member was limited to the zone »oataining less than
5 percent lithophys:.l cavities. At these low percen! :ges, lithophysal
cavities have little effect on the thermomechanical prop:rties of the rocke.
At what percentage the lithophysal cavities become a crn.ern will be deter-~
mined during site characterization. For planning purpciss, the underground
facility has been placrd in the relatively lithophysae~tr. ¢ section (less than
15 to 20 percent) that lies above the basal vitrophyre (Mansure and Ortiz,
1984). To date, however, no thermal or mechanical characteristics have bheen
identified that would make the units below the proposed emplacement horizon
(including the vitrophyre) unacceptable for the placement of waste.

Acrea 1 on Figure 6~14 is the primary area for locating the underground
facility. It contains relatively few faults and rare failt brecclas (Scott
and Bonk, 1984). The surface and subsurface geologic exploration of Yucca
Mountain has concentrated in this area and in the immediately surrounding area
that has a relatively low fault density. Available site data indicate that
rock with acceptable characteristics may be present within areas 2 through 6,
and perhaps even outside these areas (Mansure and Ortiz, 1984; Sinnock and
Fernandez, 1982).

Analysis of the output from a three-dimensional computer graphics model
of Yucca Mountain (Nimick and Williams, 1984) indicates that area 1 contains
approximately 890 hectares (2,200 acres) although minor faults and breccia and
blocks rotated to steep dips may occupy some of the area; approximately
749 hectares (1,850 acres) of area | are potentially usable on the bagis of
the disqualifying condition for erosion, which requires a 200~meter (656~foot)
overburden. The present estimates of waste inventories and the current
repository design concepts (Mansure and Ortiz, 1984) require 616 hectares
(1,520 acres) for a repository. Area 2 (Figure 6-14), a primary area for
extending the underground facility from area 1, covers approximately 910 hec-
tares (2,250 acres) and is similar to area 1 in fault density. Data for area
2 are limited to those obtained from surface mapping and extrapolation from
drill-hole data obtained mainly in and around area l. If extension of the
underground facility from area 1 1is required to provide lateral flexibility,
additional geologic information may be obtained as part of site characteriza-
tion to determine how much of this area is usable. Area 3 covers approx-
imately 162 hectares (400 acres). Small portions of this area might not pass
the disqualifying condition for ercsion which requires 200 meters (656 feet)
of overburden. Area 4 covers approximately 607 hectares (1,500 acres) and
also may have rock characteristics similar to the other areas, but fewer data
exist for this area, and it is farther from the primary repository area. As
in area 3, portions of area 4 might not pass the disqualifying condition for
200 meters (656 feet) of overburden. Area 5 contains about 202 hectares
(500 acres), and area 6 contains 1,072 hectares (2,650 acres). Area 6 has a
very complex fault structure with steeply dipping faults, and part of .it may
not meet the 200-meter (656-foot) overburden requirement. Flexibility in
lateral extent cannot be demonstrated at this time because the data for areas
2 through 6 are limited.

6-212

B9 008 o 07235



ES580000FT
i

eumanms PRIMARY REPOSITORY AREA

= FAULT TRACES

E550000FT ES60000FT EB70000FT
2 L ‘ | L
S _J NELLIS AIR FORGE RANCY H L
o] foue-25wT w8 5
(] = O
R USW GA-19 2
~
N z
o
o
S QUE 26MT#18
[(+]
m
N
=
u
o
o
e O
Q
P ~
° WT#4 S
Qg
b4
L2}
N
.a’~0ﬁ-26a¢6 i UE-2GWT# 168
4 < @ UE-25b;
usw a | AL UE-330:E)
|/ |
2 U dnd
o l. L USW{H-4 . Py
s 1 e i 2 1 UE-25WT#58 o o oniwTw 4 &
N - ©
§ USW WT-2 I [—°
~ /’ . g
Vo | ©
. };
. . ' A
. | GUE-250 #1 UE-26WT# 13 =
.
i = \ } ®UE-26p#1
f g d l .
© onf :
: , \) """" Vo
~ JS
3 H
\ |
\ . "
| £
. [ =1
o O
. i s
31 usw wr-1oe “ B ' 138 f @
° " i S\UE-25WT #17 z
© —4 ¢ )
3 - A
~ B BUREAU OF LAND MANAGEMENT ! NEVADA TEST SITE SUE25WT #3
1 Y T . . T
168000M 170000M 172000M 174000M 176000M .

i v

: 0: 5 ;
alLEg

REPOSITORY EXPANSION. AREAS ' thOaETERS

RS

Figure 6-14. Potential repository expansion areas. Area 1 is the primary area
for the underground facility. See text for detailed discussion of areas 1, 2,

3, 4, 5, and 6. Cross section A-A' is shown on Figure 6-16.
Mansure and Ortiz (1984).

6-213

80008 073 4

Modified from



The basic vequirements for the thickness of the geologlc section are
(1) the presence rf sufficient overburden to ensure a low probability of
uncovering the waste by erosion and (2) sufficient thickness of host rock Lo
provide the volume envelope required for the undergrovnd facility. The thick-
nass of the erosi~nal barrier at Yucca Mountain is :ui:re than 300 meters
(984 feet) over about 50 percent of area l. Figure 6-if shows the thickness
of the overburden above the midplane of the reposito 'y envelope, which:is
conservatively assumed to be 45 meters (150 feet) thi & (Mansure and Ortiz,
1984). To date, exploration in area | has revealed si7ficient thickness of
the potential host rock to isolate the waste,

Figure 6~16 18 a cross section along approximately A-A' in Figure 6-14
showing the possible location of the underground facility. The potential
repository host rock 1s the lower portion of the Topop:n Spring Member, desig-
nated Tpt on this figure. A three-dimensional model of area 1 that incorpor=
ates surface and subsurface data (Nimick and Williams, 1984) was used to
determine that the host rock 1s sufficiently thick to provide flexibility in
selecting the depth of the underground facility. For wost of the usable pors
tion of ares 1, the thickness of the potential host rock is over three times
the thickness required to contain the repository. Mansure and Ortiz (1984)
show that the approximate thickness of the preferred host rock is on the order
of 100 to 175 meters (330 to 575 feet) within area 1. Also shown 1ip
Figure 6-16 are the projected underground locations of some faulte identified
at the surface., These faults do not restrict the location of a repository,
because the simple presence of a fault 1s not necessarily detrimental to a
repository located in the unsaturated zone; they could, 1in fact, be advan-.
tageous (Roseboom, 1983). There is no reason to believe that constraints on
depth, configuration, and location of the underground facility will in any way
compromise the potential isolation performance of the Yucca Mountain site.
With the low water flux that is expected through ‘the repository, and the:more
than 185 meters (610 feet) of unsaturated rock between the rapository and the
water table, possible constraints resqlting from limited vertical or lateral
extent of the host rock are unlikely to have significant effects on tﬁe 1
jisolation provided by the thick qnsaturated zones

Conclusion

The potential host rock within the primary repository area at Yueca
Mountain is sufficiently thick to provide significant vertical flexibility in
the placement of the repository to insure isolation. The potential host rock
also provides sufficient lateral extent to insure isolation, but provides only
limited lateral flexibility: However, considering only the primary area, this
favorable condition canndt be claimed for lateral flexibility in repository.
placements Thereforsy the:evidence: indicates that this -favorable -condition- 13
not present at Yucca Mountain.

(2) A host rock with a high thermal conductivity, a low coefficient

of thermal expansion, or sufficient ductility to seal fractures

induced by repogitory construction, operation, or closure.or. by.. e
interactions among the waste, host rock, ground water, and engineered

comgonems D
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Evaluation for thermal cosductivity and thermal expansion

Two points bear on the discussion of this condition for the Yucca
Mountain site, First, the site is in the unsaturated zone. Favorable con-
dition 5(iv) in Section &.3,1.1 notes that for an unsaturatel zone reposi-
tory, freely draining stiata are desirable, and Yucca Mount:ln meets this
favorable condition. S8econd, the Topopah Spring Member is hi:hiy fractured.
It is therefore expected that significant thermally induced expansion can
occur without generating sufficlient stresses to cause new frscturing.

The thermal conductivity and the coefficlent of therma. expansion for a
varlety of rock types are shown in Table 6-29., The value for the coefficient
of thermal expansion of all rock types shown in the table is low when com-
pared with values for salt. The absolute values of the thermal conductivity
and coefficient of thermal expansion can be meaningfully evaiuated only when
combined in an analysis that includes relevant physical properties,
additional thermal and mechanical properties, detalls of repository design,
canister loading, and gross thermel loading. Such analyses (Johnstone et
al., 1984) have shown (1) that the effect of the repository sn the surround-
ing rock is small because the rock can accommodate the expected mechanical
and thermal stresses; and (2) that there 1is considerable flexibility in
repository design, canlster loading, and gross thermal loading to minimize
the effect of any adverse rock response that may be identified in the future.
The analyses indicate that the thermal conductivity and the thermal expansion
coefficient of the deansely welded Topopah Spring Member at Yucca Mountain
will not adversely affect the containment and isolation capabilities of the
repository.

Evaluation for ductility to seal fractures

The ability to seal fractures is not a favorable condition for a reposi-
tory in the unsaturated zone. The sealing of fractures could lead to reposi-
tory saturation because of the formation of a barrier to water flow and the
development of a perched water zone that would not exist in a freely draining
system.

The current daca for the Topopah Spring matrix show essencially elastic
behavior up to the onset of brittle failure. Typically, the axial strain to
the point of failure in compressive tests does not exceed 1 percent. Studies
of the effects of water and elevated temperatures on the mechanical behavior
of tuff are under way, and results will be reported in the future. But
according to present data, the Topopah Spring tuff does not have sufficient
ductility to seal induced or preexisting fractures. As discussed under
potentially adverse condition 3, it is unlikely that sealing will occur by
other processes, such as mineral precipitation from solution. '

Conclusion

The potential repository host rock at Yucca Mountain will accommodate
the thermal and mechanical stresses developed during the period of peak tem-
peratures with no adverse effect on waste containment and isolation. The
coefficient of thermal expansion of tuff is low when compared to salt and the
thermal conductivity is intermediate when compared to other common rock
types.
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Table 6-29. Thermal rock properties for a variety of common rock types

Thermal. " Thermal
Temperatura conductis ity expagsion
Rock type (°c) (W/m=°".) (10 / C)
Basalt? 20~200 1.5-1.¢ 6.0-6.5
Granite® 0~100 1.8 8.4
salt® 50~250 2.6~3.4 36.5-46.5
Sandstone? 20100 2.1 L)
slate® 20~100 1.8 ENERS
Welded tuff® ‘ " Ambient to 200 , .
Saturated 108 i‘_ 0.4 10'7 :107
Dry 1.6 ¥ 0.4 NAT

®Data from DOE (1984a).

Uata from Tuma (1976;

Cpata from DOE (1984b

Data from Clark (1966).

Data from Tillerson and Nimick (1984),

‘The ho~t rock is not sufficiently ductile to seal fractures, such
sea]ing is, in fact, undesirable for a repository in the unsaturated zone.'
Therefore, the evidence indicates that this favorable condition is present at
Yucca Mountain.

6.3.1.3.4 Potentially adverse conditions

(1) Rock conditions that could require engineering measures beyond
reasonably available technology for the comstruction, operation, and

closure of the repository, if such measures are necessary to ensure
waste containment or isolation.

Evaluation

The evaluation of the technology required to deal with rock conditions
during the preclosure phase (Section 6.3.3.2) identified no situations that
would require engineering measures beyond reasonably available technology.
Reck conditions that could seriously threaten waste containment by the waste
package, or waste tsolation after the package is breached, are considered in
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this section; they irclude the chemical environment, mechanical behavior
(including the effects of heat), hydraulic conductivity, and shaft and bore-
hole sealing. Most of the rock-pioperty data collected to date are from
surface mapping and mezsurements on core samples.

The chemical enviroument is benign with regard to the corrosion and
leaching from the wast: form (Section 6.3.1.2). Stress~induced corrosion
could be of concern if the mechanical behavior of the rock subjects the waste
disposal contalners to severe stress. This problem is . wrently under
investigation. The rock is expected to be strong, with l'’ttle likelihood
that blocks would fall on the waste containers and bre: ¢l containment,
although mining experien:e will be needed to confirm this e rpectation. Heat
is expected to cause limited fracturing around the waste ernlacement hole;
limited testing in aimilar rock supports this expectation (Zimmerman, 1983).
The rock fracturing is also expected to have minimal effect on containment
and isolation. If the thermally induced rock fracturing axound boreholes
does become a problem, it appears to be solvable with reasnnably available
technology. Hole liners, emplaced to ensure retrievability, could both
lessen and delay potential adverse effects but would not necessarily

eliminate them. Work is continuing on the effects of heat and water on the
mechanical behavior of the rock,

Hydrologically, the repository horizon is freely draining. At present,
no difficulties have been identified regarding shaft and borehole sealing.
Analyses indicate that no backfill 1is necessary in access or emplacement
drifts. Shafts and ramps would be backfilled at the end of the retrieval
period. A plug or seal would be used to support the surface barrier system
in the shafts and separate it from the shaft interior, which would be filled
with a coarse, unreactive material, such as crushed tuff. This material may
be graded in size to minimize settlement, and additional plugs could be
emplaced to provide support for fill immediately above each plug. The cur~
rent plans are to use permeable plugs and backfill so that any water can
drain to the bottom of the shaft. Removal of the concrete shaft liner from
the junction of the shaft and access drifts to the bottom of the shaft would
enhance drainage into fractures. Ramps would be saaled in a similar fashion
except that dams could be installed at intervals to divert water flow.
Exploratory boreholes extending below the repository level would be filled
with grout, slurry, or a tamped substance containing sorptive materials.
Plugs may be needed to support this material; below the plug, standard well-
plugging procedures can be followed. Above the repository level or for shal~
low boreholes, a granular material or grout can be used (Fernandez and
Freehley, 1984; Jackson, 1984). None of these sealing concepts are expected
to require engineering measures beyond reasonably avallable technology.

Conclusion

No rock conditlions have been identified at the Yucca Mountain site that
would require extraordinary engineering measures to seal shafts and boreholes
and to ensure waste contalnment and 1sclation. Existing -technology is
adequate for constructing, operating, and closing the repository in a manner
consistent with the objectives of waste containment and isolation.
Therefore, the evidence indicates that this potentially adverse condition'is
not present at Yucca Mountain.
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(2) Potential for such phenomena as thermally induced fractures, the
hydration or drhydration of mineral compeonents, brine migraiion, or
other physical chemical, or radiation-related pheoomena that could -
be expected to affect waste containment or isolaticn.

Evaluation for thermelly induced fractures

The potential nost rock ai Yueca Mountain is the }-popah Spring Member,
which is a highly fractured (Spengler et al., 1979, 1+81; Spengler and
Chornack, 1984; Maldonado and Koether, 1983; Scott an' (astellanos, 1984),
unsaturated, densely welded tuff. In examining the thuraomechanical respounse
of the rock in the nesr and the far fields for short aun. long time periods,
Johnstone et al (1984) made calculations with state~of~the~art, finite-
element, thermomechanical computer codes that accounted for fractures by a
"ubiquitous joint model" and geologic lavering (i.e., stratigraphy). These
calculations are coneidered preliminary. Evaluations are under way to reduce
the uncertainties in the model; however, confidence in the validity of the
model is based upon mining experience and field tests in similar devitrified,
densely welded tuff {(G-Tunnel at Rainier Mesa). The physical, thermal, and
mechanical properties were based on laboratory or field measurements for both
average and limit values when available, or they were estimated by comparison
with similar units if required data were not available. In particular,
thermal~expansion coefficilents that accurately describe the cristobalite
phase transition in the Topopah Spring Member were available (see the
evaluation of potentially adverse conditiom 4, Section 6.3:3.2)., In situ
stresses were estimated because no measurements had been made at the Yucca
Mountain site when the evaluation began. Subsequent measurements were in
reasonable agreement with the estimates (Johnstone et al., 1984; Healy
et al., 1982). For a repository in the Topopah Spring Member with a gross
thermal loading of 57 kilowatts per acre (approximately 3.0 kilowatts per
container), calculations predicted no thermally induced fracturing of the
matrix in either the near or the far £fislid.

For a higher waste disposal countalner heat load of 3.3 kilowatts per
container, thermomechanical calculations predict the potential for rock
fracturing in the immediate vicinity (very near field) of the waste-
emplacement hole, extending less than 10 centimeters (4 inches) into the
rocke Such fracturing is not expected to affect waste containment or
isolation. In spite of the possible decrease in thermal conductivity, such
fracturing may be desirable because of the increased surface area avallable
for radionuclide retardation. Hole~wall degradation has not been observed in
small-diameter-heater tests in tuff at G-Tunnel (Zimmerman, 1983).

For the conditions used in the calculations by Johnstone et al. (1984),
the results indicate that the potential for thermally induced fracturing is
very low. More important, however, the repository thermal loading can be
adjusted if it is discovered that thermal effects could become potentially
adverse. With the expected low flux of less than 0.5 millimeter (0.02 inch)
per year (see Section 6.341i.1.5), no mechanisms have been recognized whereby
thermally induced fractures .could threaten. containment of isolation per~
formance at the Yucca Mountain:site. :

i
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Evaluation for the hydration or dehydration of mineral components

The mineral compc-ents that have the potential for hydration or
dehydration are volcant: glass, smectites, and the zeolitazs clinoptilolite,
mordenite, and analcim., The Topopah Spring Member contains little zeolite
or volcanic glass in thke horizon of Interest. South of Drill Hole Wash, the
member generally conteins less than 3 percent smectite. M:ice than 98 percent
of the host rock within the primary repository area 1s cinposed of alkalil
feldspar, cristobalite, quartz, and tridymite; however, vidymite is gen~
erally not present in the potential reposltory horizon (‘. sh et al., 1984).
Hydrous minerals are not present in the repository hori'c. in large enough
quantities to cause siynificant dehydration effects. i{>: units in Yucca
Mountain at depth: of 300 meters (984 feet) or more belc " the repository
horizon contain an abundance of hydrous phases, including smectite, clinop-
tilolite, mordenite, and analcime (Bish et al.,, 1984), Cross sections of the
zeolite intervals below the repository horizon are shown in figures 6~10
through 6-13 in Section 6.3.1.2. The extent to which dehydration and con-
traction will affect waste isolation, however, will depend on the distri-
bution of hydrous minerals in the hosc rock, the temperaLure rise imposed on
the minerals, and the water vapor pressure.

The maximum temperature experienced at 50 meters (160 feet) below the
repository horizon is predicted to be well below 100°C (212°F) (Johnstone et
al., 1984). Under these conditions, smectites, zeolites, and glass will
dehydrate only 1f the water-vapor pressure is low (Bish, 1981; Bish et al.,
1982). Assuming a gross thermal loading of 57 kilowatte per acre, maximum
temperatures have been determined as a function of distance from a spent fuel
repository (Morales, 1985). The center of the repository will reach a maxi-
mum temperature of 117°C (243°F) 60 years after emplacement, while the
temperature would be 71°C (160°F) at the repository edge. Fifty meters
(160 feet) beyond the repository edge, the temperature will peak at 49°C
(120°F) at 111 years after emplacement. The calculations can be summarized
by noting stand-off distances that are required to stay below a particular
temperature. To ensure that temperatures never rise above 100°C (212 °F),
you must be approximately 23 meters (75 feet) vertically above the center of
the repository; the température at the edge of the repository will never
reach 100°C (212°F), This indicates that dehydration of the minor amounts of
zeolites or clays within the host rock (less than 2 percent) beyond a
distance of about 23 meters (75 feet) 1s unlikely, and as indicated earlier,
all major zeolitized rock units are at least 100 meters (328 feét) below the
repository midplane (see Section 6.3.1.2),

Dehydration reactions involving smectites, clinoptilolite, and mordenite
are reversible when heating is below 200°C (392°F) (Bish, 1981), and the pre=
sence of water vapor significantly increases the temperature of dehydration
for smectites (Kostér van Groos, 1981) and probably for zéolites. Therefore,
such reactiondg, even 1if they occur in the far fleld, will probably be
reversible and will not affect waste isolation. o

One additional mineralogical factor that should be considered i1s the
abundance of cristobalite in the very near field. The transition from alpha
to beta cristobaliré, occurring between 235 and ‘260°C (455 and 500°F) in con-
fined tests (Lappin, '1980a), gives rise to ‘a slightly 1ncreased thermal
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expansion. Because of the high transformation temperature, the potential for
this transformation to occur is limited to the very near fleld «f the waste

package and is unlilely to affect waste {solation because cristobalite is not
important in retardation.

Evaluatlon for hrimn» migration

Although brine is not found in the tuff at Yucc- Mountain, several
scenarios have hbeen identified that could possibly concsntrate halide ions in
the ground water in the repository environment. The 3¢ scenarios include
(1) salt deposition on the waste contalner by evapors:ion of water dripping
on the hot waste disposal container from a seeping frac ure from a transient
percolation eveat, followed by redissolution of these salts in the ground
water, and (2) precipitation of halide salts contained in the ground water in
the surrouading rock matrix as the rocl dries out from the heat of the waste
disposal container. Subsequent dissolution may occur when the rock is
resaturated after the dry-out period.

A preliminary study was performed to determine 1f either of the ahove
scenarios represent viable processes for concentrating halides in the ground
water at Yucca Mountain (Morales, 1985), The first scenario is not relevant
because the existence of a hot waste disposal container should prevent any
slow seepages in its immediate vicinity from occurring. The second scenario
could possibly increase salt concentrations in the rock surrounding the waste
disposal contalner, but probably only by a factor of 10 and only for times
immediately following the dry-out period. Furthermore, a mechanism for
trangporting the concentrated ground water across the borehole wall (and air
gap) has not been identified. However, even 1f this groundwater could con-
tact the waste container, performance (corrosion and waste-form dissolution)
should not be adversely affected by such salt concentation increases. This
topic will be addressed in more detail during site characterfzation.

Radiatlon-related phenomena

Investigations of the effects from gamma irradiation of different candi-~
date stainless steels aubmerged in water from Well J-13 have begun. Prelim-
ilnary results from these studies indicate that high~intensity gamma radiation
increases the corrvosion potentials of the stainless steels (DOE/NVO, 1985).
The corrosion mechanism is thought to be the production of hydrogen peroxide,
a strong oxidant, under gamma radiolysis of the water, This effect is
expected to be insignificant under actual repository conditions, however,
because heat from the waste disposal containers will probably dry out the
immediate environment of the containers for 500 to 1,000 years after closure
(Stein et al., 1984). Gamma radiation will have decreased to 1insignificant
amounts before liquid phase radiolysis canm occur. Thus, after the thermal
period, the potential will no longer exist for increased oxidizing conditions
due to radiolysis.

Conclusion
The potential host rock at Yucca Mountain 1is a physically and chemically

stable, densely welded tuff that would be little affected by: expected reposi-
tory conditions. More than 98 percent of the rock 1s composed of alkali
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feldspar, cristobalite, nuartz, and tridymite, all nonhydrous mirerais. The

potential host rock is highly fractured, and any additional thermally induced
fracturing would be minc: and would not adversely affect waste contalument or
isolation, No other phyiical, chemical, or radiation~related phenomena have

the potential for adver.aly affecting waste contalnment or isolation. There~
fore, the evidence indicates that this potentially adverse condition is not

present at Yucca Mount.:it.

(3) A combination of geologic structure, geochemical sud thermal
properties, and hydrologic conditions in the host ro¢ _and
surrounding uni¢s such that the heat generated by the waste could
significantly decriase the isolation provided by th¢ hust rock as
compared with the pre-waste~emplacement conditions.

Evaluation

Three categorlies of heat-related effects have been ldentified as poten-
tially applicable to this conditions (1) changes in the radiocunuclide retar-~
dation capability, (2) changes in host~rock permeability due to:matrix disso-
lution, and (3) convective transport of radionuclide~contaminated ground
water. The basis for evaluating each of these three coucerns is discussed
separately below,

Evaluaticon for thermal effects on radionuclide retardation

Heat-driven rock and ground~water interactions along with absolute
temperature increases could affect radionuclide sorption and thus the retar~
dation capability of the host rock. The rock and ground-water interactions
could cause this by altering the mineral phases present and the ground-water
solution chemistry. However, elevated~temperature experiments on the inter~
action of Topopah Spring tuff with water from Well J-13 indicate that an
emplaced heat source should produce very little change in ground-water
chemistry and primary mineralogy of the Topopah Spring Member (Oversby,
1983). This study also noted that the anionic composition (radionuclide-
complexing agents) of the water remains relatively constant. Therefore, the
effect of increased temperature on radionuclide solution chemistry should be
minimal. The lack of sigunificant thermally induced mineral alteration is
also eddressed in favorable condition 3 for geochemistry (Section 6.3.1.2).

The direct effect of higher water temperatures on the sorption process
has been superficially investigated (Erdal et al., 1979; Johnstone and
Wolfsberg, 1980; Daniels et al., 1982). These limited studies showed, that
in general, temperature changes between 20 and 70°C (68 and 158°F) have only
a minor effect on sorption. For most elements studied, sorption is slightly
greater at the higher temperatures (sorption coefficients increased by up to .
a factor of 5)., The exceptions include a few lanthanides and actinides,
which showed very little or a slightly negative temperature respunge. As the
temperature is increased, retardation because of diffusional processes will
not be decreased. :
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Evaluation for host- ock permeability changes

The heating and subsequent cooling of ground water as it . fiows through
the host rock could induce mineral dissolution and precipitation processes,
which, in turn, wou'd change the permeability. Currently, the magnitude of
the changes in perw~ability that would adversely affect isclation have not
been identified. However, a study has been conducted that shows that, for
the expected quanti.les of both porous and fracture fiow, the potential
porosity and permeability changes are not significant (Braithwaite and
Nimick, 1984). 1In this analysis, it was assumed that tt~ 1nfiltrating ground
water would maintain equilibrium saturation with respe 't to amorphous silica.
This 18 a reasonable bounding assumption because of the “ollowing factors:

1. Dissolved-silica concentrations constitute a major control on
silicate-phase dissolution (Wollast, 1967; White et al., 1980;
McVay, 1982).

2. The predicted quantity of mass transfer is greater than that
measured experimentally (Braithwaite and Nimick, 1984).

3. Rates of equilibration between ground-water and vock systems are
very slow at the low temperatures predicted for waste isolation in
the unsaturated zone (0Oversby, 1983).

A predicted time~dependent temperature gradient was coupled with the
assumptions about amorphous~silica compositional control to determine the net
change in porosity as a function of time and position., The results for spent
fuel loadings of both 57 and 90 kilowatts per acre indicated that the maximum
cumulative increase in porosity would be a volume fraction of only 0.00005
and that a decrease in porosity would occur only near the repository horizon.
The net precipitation is mainly due to water vaporization and would decrease
the void fraction by approximately 0.00001. This latter result probably
addresses the critical issue because precipitation during downstream cooling
represents a potential for plugging pores or fractures. However, these small
changes, even 1f restricted to existing fractures, are not sufficient to
slgnificantly affect permeability.

Laboratory experiments with tuff samples from the Topopah Spring Member
(Moore et al., 1984) also support the idea that changes in host-rock
permeability are likely to be very small. A core sample 7.6 centimeters
(3 inches) in diameter with a hole in the center was subjected to a tem-
perature gradient of 100°C (212°F) between the inner and the outer edge.
Ground water from Well J-13 was passed through the sample under confining and
pore pressures corresponding to a burial depth of 1.2 kilometers (0.75 mile).
The permeability of the tuff at room temperature was 3 microdarcies. After
heating to 150°C (302°F), the value increased to 6 microdarcies, slowly
increased for 1 week to 10 microdarcies, and then remained stable for
2 weeks. These results provide laboratory support for the claims that
permeability changes that could cause significant changes in transport are
unlikely in the very near field. The pH of the fluids discharged from the
low-temperature outer edge of the sample was very close to that of Well J~-13
water, and the concentrations of ionized species remained low, near that of
Well J-13 water.
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Evaluation for the convective transport of radionuclide-contaminated ground
water

Thermally induced convective trangport could conceivably reduce the time
of ground-water travel through the host rock. If this process occurred in
ground water that had “een in contact with the waste, a d::rease in the iso-
lation provided by the host rock could result. Convectic® can occur in both
vapor and liquild phatns.

Free convective liquid~water transport, which is car ed by density dif-
ferences or buoyancy effects, can occur in porous media s..curated with water.
A corresponding mechanism for the free convective trans:crt of liquid water
(and therefore radionuclides) 1in the unsaturated zone 3 difficult to
formulate, Nevertheless, free convection in the saturate.! zone would place
an upper bound on the possible effect in the unsaturated cone. A preliminary
study of the effects of convection on energy transfer 1n a saturated tuff
medium (Mondy et al., 1983), showed that even with a thermal driving force
well over 100°C, the maximum effect of free convection (if 1t occurred) would
be a very small temperature increase, 2 to 3°C (4 to 5°F), occurring for less
than 60 years. The highest induced water velocity would be less than
1 millimeter (0.04 inch) per year. Overall flux through the host rock would
remaln limited to less than 0.5 millimeter (0.02 inch) per year, which is
insufficient to cause radionuclide releases to the accessible enviroanment
that would exceed the U.S. Environmental Protection Agency limits (see
Section 6.4.2), According to these results, the lower temperatures and the
unsaturated conditions actually expected for Yucca Mountain should preclude a
decrease in host-rock 1isolation due to the convective transport of
radionuclide~bearing ground water.

ggpclusion

No combinations of geologic structure, geochemical and thermal pro-
perties, and hydrologlc conditions have been identified that would cause the
host rock to respond to the waste-imposed heat load in such a way that waste
isolation would be compromised. Neither thermally enhanced rock-water inter-
actions nor thermal effects on sorption are expected to reduce the isolation
potential of the host rock at Yucca Mountain. Permeability changes due to
host-rock dissolution and precipitation processes should not be significant,
and the convective transport of radionuclide~beariung ground water is not
expected in the low-temperature, unsaturated conditions at Yucca Mountain.
Therefore, the evidence indicates that this potenttally adverse condition is
not present at Yucca Mountain.

6.3.1.3.5 Evaluation and conclusion for the qualifying condition on the
postclosure rock characteristice guideline

Evaluation

The evaluation of the site against the preclosure rock characteristics
guideline (Section 6.3:3.2) discusses worker safety and the ease and cost of
repository siting, construction, operation, and closure. ‘The results of that



evaluation show that currently avallable technology will be sufficient for
all engineering and sufety requirements, 1In addition, no unusual or exotilc
materials will be reqi.ired. The geohydrologic and geochemical conditions are
described in sections 6,3,1.,1 and 6.3.1.2, respectively, In both sections,
Yucca Mountain 1s considered suitable for site characterization as a
potential repository wlte,

The preliminary thermomechanical analyses in Johnstoam et al, (1984)
show that the reposiiory host rock can accommodate expecied mechanical and
thermal stresses after closure., They also note that th. heat load can be
adjusted to account for unforeseen problems, Mansure and Ortiz (1984) report
that limited lateral flexibility in the placement of t. 2 repository in the
primary area should be overcome by contiguous areas thwt are likely to he
suitable for wasie emplacement. The study of interactiors among the waste,
host rock, ground water, and englneered components 1is an ongoing task. To
date, no difficulties have been identified. Because the repository would be
in the unsaturated zone, ground-water interactlons with the waste package
could occur only at temperatures of less than 100°C (212°F). Above 100°C
(212 °F) the water evaporates and moves to a cooler region. Such behavior
tends to increase the effective thermal conductivity and to decrease the
temperature in the rock mass near the heat source. As noted in potentially
adverse condition 2, this steam condenses a short distance from the waste
disposal containers, The effects of heat and water on the mechanical
response of the Topopah Spring Member are under study. The opening, closing,
or creation of fractures around the repository is not expected to affect
steady~-state percolation rates, because very little fracture flow is expected
in the repository host rock at the upper bound on flux of 0.5 millimeter
(0.02 inch) per year (Wilson, 1985).

Conclusion

A preliminary analysis of the Yucca Mountain site indicates that the
present and expected characteristics of the host rock and the surrounding
units will permit compliance with the requirements specified 1in ;
10 CFR 960.4~1 (1984) and 10 CFR. 60.113 (1983)., Furthermore, as reviewed in
Section 6.4.2, the results of a preliminary performance analysis, using
available rock-characteristics data and an upper bound on flux of 0.5 milli~
meter (0.02 inch) per year lend considerable confidence to the expectation
that detailled site characterization will support preliminary results,
Evidence to date indicates that the engineered barrier sgystem will limit
radionuclide releases to less than ! part in 100,000 of the 1,000~year
inventory. No potential interactions among the waste, host rock, ground
water, and engineered components that could compromise waste isolation have
been identified. Therefore, on the basis of the above evaluation, the
evidence does not support a finding that the site is not likely to meet the
qualifying condition for. postclosure rock characteristics: (level 3).

6.3.1.3.6 Plans for site characterization

A number of tests are plannéd to . supplement the existing rock character-
istices data base. Overcore teste to determine in s8itn stresses in Yucca
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Mountain will be perfo.med at three levels during construciion of the explor-
atory shaft. An enharced heated block experiment is planned for exploratory-
ghaft in situ testing to determine the rock response to induced siress and
thermal changes. Perteability changes in selected fractuves under varilous
stress and thermal lesis will also be measured. A large-scale-heater experi-
ment will be conducte’ to evaluate the near field rock rvsponse to waste-
imposed thermal loads. Thermal, thermomechanical, and hy.jcothermal measgure-
ments will he made aw used to establish the behavior of .he hest rock to be
expected after repository closure, particularly with reg ~d to any possible
thermal effects on retardation,

6.3.1.4 Climatic changes (10 CFR 960.4-2-4)

6.3.1.4.1 Triroduction
The qualifying condition for this guldeline is as follows:
The site shall be located where future climatic conditions will not

be likely to lead to radionuclide releases greater than those
allowable under the requirements specified in Section 960.4-1.

Climatic changes could, over time, alter the geohydrologig system at a
site. This postclosure guideline on climatic changes is concerned with
changes that may favorably or unfavorably affect the ability of a repository
to isolate waste after closure.

The guideline consists of two favorable conditions, two potentially
adverse conditions, and one qualifying condition. The evaluationd presented
below are summarized in Table 6-~30.

6.3.1.4.2 Data relevant to the éValuation

The climates of the Nevada Test Site and its vicinity during the last
45,000 years have been reconstructed (Spaulding, 1983; Spaulding et al.,
1984) largely on the evidence of plant macrofossils found in the middens of
pack rats (genus Neotoma). These authors also review the literature on
global and regional climatic changes and predict future climatic variations.
Thompson and Mead (1982) also examined pack-rat middens and found the
presence of subalpine and boreal mammals at relatively low elevations during
the late Wisconsin, :

Uplift of the Sierra Nevada and Transverse ranges may have long-term
effects on the climate of Nevada. During the Quaternary, increasing aridity
in Nevada has been attributed to this uplift (Winograd et al., 1985).
Estimates of the uplift of the Sierra Nevada are discussed in Huber (1981)
and Hay (1976) .« s -
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Tabie 6-30.

Summary of analyses for Section 6.3.1.4; climatic changes (10 CFR 960.4-2-4)

Condition

Department of Energy (DOE) finding

(1)

2)

(1)

2)

FAVORABLE CONDITIONS

A surface-water system such that expected
climatic cycles over the next 100,000 years
wontd nat sdver=ely affsot waste isolationm.

4 geologic setting in which climatic changes
have had little effect on the hydrologic sys—
tem throughout the Quaternary Period.

The evidence indicates that this favorable condition
is present at Yucca Mountain: regional and site
surface-water systems probably have been the same
for several-hundred thousand years; expected cli-~
matic changes will not significantly change surface
water systems.

The evidence indicates that this favorable condition
is not present at Yuceca Mountain: Quaternary cli-
mates were probably not substantially different from
modern climates; hewever, increased flux and higher
water tables probably occurred within the geologic
setting during the Quaternary Period.

POTENTIALLY ADVERSE CCONDITIONS

Evidence that the water table could rise
sufficiently over the mext 10,000 years to
saturate the underground facility in a
previcusly unsaturated host rock.

Evidence that climatic changes over the next
10,000 years could cause perturbatioss in the
hydraulic gradiemnt, the hydraulic conductiv-—
ity, the effective porosity, or the ground-
water flux through the host rock and sur-
rounding geohydrologic units, sufficient to
significantly increase the traasport of
radionuclides to the accessible environment.

The evidence indicates that this potentially adverse
condition is not present at Yucca Mountain: there
is no evidence that the water table was ever as high
as the proposed repository level; climatic changes
are not expected to cause sufficient water—table
rise to flood the repository.

The evidence indicates that this potentially adverse
condition is not preseunt at Yucca Mountain: in-
creased precipitation could increase unsaturated
zone flux, but major changes in hydraulic conditions
are not expected over the next 10,000 years. 1if
flux in the host rock was much higher than present,
the site would still be expected to meet EPA limits
at the accessible environment in 10,000 years.
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Table 6-30. Summary of analyses for Section 6.3.1.4; climatic changes (10 CFR 960.4-2-4) (continued)

Condition

Department of Energy (DOE) finding

QUALIFYING CONDITION

The site sla.i be located where future climatic
conditions-will not be likely to lead to radiomu-
clide releases greater than those allowable under
the requirements specified in Sectioa 960.4-1.

Existing information does not support the finding
that the site is not likely to meet the qualifying
condition (level 3): expected climatic changes will
not cause significant changes in surface drainage;
ansaturated-zone flux may increase, and the water-
table altitude may rise, but radionuclide releases-
are not likely to exceed the release limits.




Regional hydrology was described by Winograd and Thordarson (1975).
Ground-water flow systems in the vicinity of Yucca Mountain were Investigated
by Czarnecki and Wardell (1984)., Site-specific hydrologic data are presented
by Thordarson (1983 and Robison (1984). Current precipitation data for
nearby areas are prc¢sented in Quiring (1983).

There are also some data and iIinterpretations about Fleistocene water-
table levels, grouni-water recharge, and pluvial lake -ormation in areas
adjacent to Yucca Mountain. Winograd et al. (1983) dencribed the late-
Pleistocene hydrologic conditions of the Ash Meadows «<rcund~water basin;
their interpretation 1s based on the distribution of -alcite veins in
alluvium and lake beds, as well as fossil spring deposi:s of tufa. The
mineralogy of the fine portion of the matrix samples of alluvium, taken from
boreholes north of Frenchman Flat, suggests long-term stability of water~
table levels during the Quaternary Period (Jones, 1982).

Climatic changes resulting in pluvial conditions would have affected the
hydrologic system during the Quaternary. Effects of 1increased recharge on
the water-table altitude were modeled by Czarnecki (1945) using a two-
dimensional, finite-element ground~water flow model. Work done by.Travis et
al. (1984) indicates that pluvial conditions are likely to ,increase
ground-water travel times.

Another result of a rise in the ground-water table could be the ,
alteration of the vitric pumice (Hoover, 1968). Mineralegy and petrology of
Yucca Mountain tuffs are discussed by Bish et al. (1984),

The mechanisms of recharge in the west central Amargosa Desert between
17,000 and 9,000 years ago have been inferred by Claassen (1983) from carbon,
hydrogen, and oxygen isotope data. Evidence for pluvial lakes in Nevada .
during the last glacial episode has been interpreted by Mifflin and Wheat
(1979). Lacustrine deposits in the Amargosa Valley and Crater Flat areas gre
considered to be Quaternary-Tertiary in age by Hoover et al. (1981) and-
Swadley (1983), ‘ :

Assumptions and data uncertainties

The evidence that would allow reliable reconstructions of early to
middle Pleistocene climates at Yucca Mountain 1is limited because of the-
absence of glaclal deposits 1in the area and the incompleteness of the
pedologic and geologic records. Consequently, 1t 1is assumed that the
climatic extremes inferred from evidence of late Wisconsin age (Spaulding,
1983; Spaulding et al., 1984) would be typical of all Quaternary time.
Predictions of the nature of future climatic changes were also made for some
of the analyses in this section. The uncertainties implicit in these
predictions are not quantifiable but are probably large, and the predictions
are useful only for establishing reasonable bounds on estimates of climatic
parameters.

The late-Pleistocene reconstructian of the Ash Meadows ground-water
basin by Winograd and Doty (1980) does pot specifically apply té Yucca
Mountain because the latter i1s in the Alkali Flat-Furnace Creek Ranch.ground-
water basin (Waddell, 1982). However, the reconstructions developed for the

!
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Ash Meadows basin should be generally applicable to ground-water basins in
the Death Valley grouud- water system. No definitive evidence of Quaternary
water levels has been frund during preliminary investigation of tuff minerals
from Yucca Mountain (n2e geochemistry favorable conditivm 1, Section
6.3.1.2). The effectas ~f pluvial conditions on flow paths and water levels
beneath Yucca Mountain are being studied with mathematical models of the
regional and local hydraulic systems.

Current understancing of the relation between precipi*ation and recharge
to the water table beneath Yucca Mountain is discussed in . ::tion 6.3.1.1.5,
where a value of 0.5 millimeter (0.02 inch) per year is jne-ified as an upper
bound on local recharge to the water table beneath Yucce¢ Mountain., Con~
ceptual models of flow “n the unsaturated zone are not y:t sufficiently
developed to permir quantitative testing of the relations among precipi-
tation, net infiltration, percolation, and recharge. Analyses of the effects
on waste 1solation of climatic changes made to date are largely qualitative.
When quantitative analyses are made, they will rely heavily on preliminary
performance analyses and on preliminary analyses of system-parameter
sensitivities. Preliminary performance analyses and parameter studies will
be updated as data on the site are acquired, The first available vérsions
are summarized in Section 6.4.2 and in Sinnock et al. (1984).

6.3.1.4.3 PFavorable conditions

(1) A surface~water system such that expected climatic¢ cycles over
the next 100,000 years would not adversely affect waste idolation.

Exfluation

Because past geohydrologic events and processes ate probably the best
indicators of future conditions, a discussion of the regional climate during
the Quaternary 1is included in the evaluation of this favorable condition. -
Pluvial climates probably had little effect on the principal surface-water
features of the region. By early Quaternary time, lakes of Tertiary age that
had existed in the Amargosa Valley and Crater Flat areas had disappeared,’
although the range of ages of the associated lacustrine deposits 18 not well
known., These deposits are considered to be Quaternary-Tertiary in age by
Hoover et al. (1981) and Swadley (1983). According to the reconnalssance
studies of Mifflin and Wheat (1979), the pluvial climates that periodically
occurred during the remainder of the Quaternary did not cause pereunnial lakes
to form in southern Nevada, like those that existed in central and wnorthern
Nevada.,

Surface-water drainage basins in the Yucca Mountain region were probably
well established by early Quaternary time, and the closed surface-water and
ground-water basins that exist today existed throughout the Quatermary. Al-=
though Lake Amargosa may have continued into early Quaternary, throughout
most of this period the Amargosa River drainage system was ‘integrated with
Death Valley. The tributary Fortymile Wash drainage system and the ‘bedrock
washes dissecting Yucca Mountaln and other ranges were also established by '
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